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——STEEL CASTINGS COME OUT CLEANER 
with FIRED FIRECLAY FOUNDRY REFRACTORIES 
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Auxiliary 
Rolling Mill Equipment 


Below is illustrated the exit end of a Wellman Multi-Strand Continuous 
Pickle Line, for processing low carbon and mild steel hot rolled strip, 
installed at the Works of a large Sheffield manufacturer. The line is at 
present operating with two strands, but will ultimately be arranged 
for four-strand simultaneous processing. 


This is one of the numerous Wellman installations in both the United 
Kingdom and Overseas, designed for the continuous processing of low 
carbon, mild, silicon and stainless steels in a wide variety of gauges and 
widths. 


= 
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THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, South Staffs, & BELFAST. 
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A BUSY TECHNICAL MAN 
can stillkeep UP-TO-DATE |. 


Too much to rei time? The answ 
THE NICKEL BI ved friend of many 


ionthly journal coy 


pa { thirts odd years 


in abstract form, new research, new sses, new 


| field. Its contents 


materials in every industrial 
> and official 


are drawn trom learned societies 


publications and the technical press all 


over the world. Full details of original 


SOuUuTCeE ale viven 


Save time by read 
THE NICKEL BULLETIN 


ea h month 


Write now for a copy of THE NICKEL BULLETIN 
Please send me a specimen copy of your free publication 

THE NICKEL BULLETIN 
NAMI 


ADDRESS 


COMPANY LIMITED 


SWi 


THE MOND NICKEL 


THAMES HOUSE + MILLBANK + LONDON 
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PRECIPITATORS 
IRON OXIDE FUME REMOVAL 


Top—A Holmes-Elex Electrical Precipitator 
cleaning exhaust air from the collecting hood 
enclosing the Scarfing Plant at the Corby 
Works of Messrs. Stewarts & Lloyds Limited 


BLAST FURNACE GAS CLEANING 


Left—A two-section Holmes-Elex Electrical 
Precipitator installed for the final cleaning of 


blast furnace gas at the Scunthorpe Works 
of the Appleby-Frodingham Steel Company 
(Branch of the United Steel Companies 
Limited). 


BLAST FURNACE GAS CLEANING 
Right—Three irrigated Holmes-Elex Electri- 
cal Precipitators preceded by Wash Towers 
cleaning blast furnace gas at the Bilston 
Works of Messrs. Stewarts & Lloyds Limited. 


FERRO-MANGANESE GAS CLEANING 


Bottom—Three Holmes-Elex Electrical Pre- 
cipitators cleaning ferro-manganese gas after 
the blast furnaces at the works of the 
Workington Iron & Steel Company (Branch 
of the United Steel Companies Limited) 


W. GC. HOLMES & CO. LTD. 
Gas Cleaning Division, TURNBRIDGE, HUDDERSFIELD. 
A568 








"CONNN SN TALLY 
BUTTERFLY VALVES 


for GASES, VAPOURS, 
LIQUIDS, SEMI-LIQUIDS 


This extensive range of precision built butterfly valves 
provides the simplest and most economical answer to 
your valve problems—even to those beyond the scope of 
conventional units. Continental valves are more robust 
than the double flange type yet are compact-—no thicker 
than a pair of pipe flanges—and easy to install. 
For all methods of operation: manual; electric; diaphragm; 
piston. 
For ANY size of pipe line at ANY pressure. Made in 
ANY metal or alloy, to operate at ANY temperature 
and ANY pressure. 
THE MOST FLEXIBLE Valve System 
for all Conditions of Operation. 


Write for descriptive leaflet 


“If it goes through a FISHER GOVERNOR 


— COMPANY LIMITED 


slain. aie CONTINENTAL VALVE DIVISION 


it’s controlled Airport Works - Rochester - Kent 
by Fisher” Telephone: Chatham 4-4400 


A member of the Elliott-Automation Group of Companies 
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\ Point of Balance, 


Economic Thickness of Insulation 


It may be true that ‘the more you insulate the more you save’, 
but insulation costs money too!—somewhere there is a point of 
maximum overall economy. 

This graph is based upon a typical example. It shows how 
costs rise for lesser thicknesses of insulation than the ‘economic’ 
owing to excessive wastage of heat. On the other hand costs also 
rise for greater thicknesses because the extra saving is not 
offsetting the cost of extra insulation. Because the insulating 
efficiency of Stillite insulation is particularly high it may be used 
thinner than many contemporary materials and will thus usually 
give an equal or greater saving at lower cost. 

If you would like to pursue the potential savings possible 
through the use of Stillite Insulation further or to explore other 
technical aspects of thermal insulation, you will find the Stillite 
Technical Manual invaluable. As a reader of the Fournal of the 
Iron and Steel Institute we will gladly send you a copy on request. 


Regd. Trade Mark 
STILLITE PRODUCTS LTD. 


15 Whitehall, London, S.W.1. 


‘ WHlktehall 0922 /6. 
and 231 St. Vincent St., Glasgow. 


Central 4292. 
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VALUE OF HEAT LOST OVER FIVE YEARS 


INSULATING THE PIPE 


PLUS COST OF 


£300 
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Accurate 
temperature control 











The measurement and control of high 
temperatures is of fundamental importance 
in the manufacture of high quality steels, 
and platinum and platinum-rhodium alloy 
thermocou les have become the accepted method 
of exei x such control at all stages in the 
making o1 fine steels. 
The manufacture of precious metal thermo- 
couples demands raw materials of the highest purity together with strict 
scientific control at every stage of processing and testing. Thermocouples 
manufactured by the Baker Platinum Division of ENGLEHARD Industries A view of the electric soaking pits at ihe 
Ltd., have been proved to be of the highest possible quality, conforming in works of The Consett Iron Company, 
every respect to the relevant requirements of B.S.1826:1952 and B.S. ween h are controlled by means of 95% 
1041-1943 platinum—S5 rhodium versus 80 
; ! ‘ : P " platinum—20 rhodium thermocouples 
Continued research by Englehard Industries in the field of high temperature 
pyrometry has resulted in two recent developments 


THE INTEGRAL SHEATH-THERMOCOUPLE, which has a diameter BAKER 


in the order of * in. and combines compactness, flexibility and resistance 


to thermal shock to an extent unattainable with conventional sheathed 
—_—_ siete SE aT eee PRECIOUS METAL 


‘FIBRO? THERMOELEMENT PLATINUM, which maintains high 


strength and ductility after long periods at high temperatures whilst retaining Thermocouples 


all the thermoelectric attributes of normal thermoelement quality platinum. 


BAKER PLATINUM DIVISION 


5? HIGH HOLBORN - LONDON WCl Telephone: CHAncery 8711 
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HOUGHTO- SAFE 


Houghto-Safe is the solution of that big problem 
an hydraulic fluid possessing fire resistant properties 
without loss in operating efficiency. 

In plants performing Die-casting, Welding, for Heat 
Treatment Furnaces, and all hydraulic operations 
involving a fire risk, Houghto-Safe is the answer. 
High film strength is imparted to Houghto-Safe by 
chemical additives which give metal parts greater 
protection for longer periods and ensure extra 
service life. 


Works and depots at: 
Birmingham, Manchester, 
Liverpool, Southall (Middx.), 
Bristol, Glasgow. 


* 


BIRMINGHAM 


Houghto-Safe has an excellent Viscosity Index, 
consequently the fluid maintains an unusually even 
viscosity through widely fluctuating temperatures. This 
means high performance value with less wear and tear. 
In laboratory and works tests it has proved itself to be a 
safe hydraulic fluid with maximum performance. 

It is non-toxic and has no unpleasant odour. 

An informative brochure on Houghto-Safe Hydraulic 
Fluids available on request. Houghto-Safe is a 
product of 


1S 


4 ENGLAND 
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RUST-OLEUM. saves you time, 


Apply Rust-Oleum 769 Damp-Proof Red Primer 
Directly Over 
Sound Rusted Surfaces 


Just scrape and wirebrush the rusty 
metal to remove rust scale and loose 
rust—then brush Rust-Oleum 769 
Damp-Proof Red Primer directly 
over the sound rusted surface. The 
specially-processed fish oil vehicle in 
the 769 Primer penetrates through 
rust to bare metal. You save costly 
metal —and you usually eliminate 
costly surface preparation methods. 


Save Up To 40% In Re-Coating Metal Fences 
With Rust-Oleum’s Exciusive Extra-Long Nap 
Lamb's Wool Roller 


Roll Rust-Oleum right over the rusty 
metal fence with this new, different- 
type roller. Extra-long nap reaches 
right around wire to coat about 70% 
of the opposite side of the fence in 
one operation. Rolls smoothly even 
over barbed wire. Gets all of the 
material on the fence —not on the 
workers, not on the ground. Ask for 
a demonstration! 


money and metal! 


Rust-Oleum Galvinoleum® Coatings Really 
Stick To Galvanized Metal Surfaces—Without 
Etching, Without Weathering 


Proved throughout industry in the 
U.S.A. —this exclusive Rust-Oleum 
development eliminates “paint peel- 
ing problems” on galvanized metal. 
Apply Galvinoleum over new or 
old, unpainted galvanized surfaces 
—without etching or weathering. 
Available in four attractive colors: 
Red, Gray, Green, Metallic. Perfect 
for gutters, roofs, siding, etc. 


Manufactured In The U.S.A. And Proved Throughout Industry 
For Over 35 Years Under The Exclusive Rust-Oleum Formula By— 
RUST-OLEUM CORPORATION, 2433 Oakton Street, Evanston, Illinois, U.S.A. 


Distinctive as your own fingerprint 
There is only one Rust-Oleum 


Excellent Stocks For Immediate Delivery From 


MESSRS. STEDALL & CO., LTD. 


192/204 Pentonville Road 
London, N.| 


CAL> 
| RUST-OLEUM 


a 


ATTACH COUPON TO YOUR BUSINESS LETTERHEAD AND 
MAIL TO RUST-OLEUM DISTRIBUTOR SHOWN AT LEFT 


Gentlemen 


Please send me the following at no cost or 


obligation 


Complete Rust-Oleum Catalog with actual color charts. 
Free Test Sample of Rust-Oleum 769 Damp-Proof Red 
Primer to be applied directly over sound rusted surfaces. 
Complete information on Rust-Oleum Galvinoleum 
Coatings for galvanized metal surfaces. 


] Complete information on the Rust-Oleum Extra-Long 


4s 


Nop Lamb's Wool Roller 


Please have your Representative call to demonstrate 
Rust-Oleum, 


SSNS SSSR ESTES STRESSES TERETE Ree eee 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








JOHNSON, MATTHEY & CO., LIMITED, 73-83, HATTON GARDEN, LONDON, E.C.1. 
Vittoria Street, Birmingham, |. Telephone: Central! 8004. 
191 
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. . . but dependent so much upon the unspectacular 

the platinum:rhodium-platinum thermocouple, which 
plays a vital role in all high-temperature processes where 
accurate measurement is essential to exact control. 
Simple, robust, consistent, the thermocouple is to both 
industry and research a means without equal of precise 
high-temperature determination. 


Information regarding the properties of the platinum metals 


and their industrial application ts freely available. 


Johnson <i Matthey 


NOBLE METAL THERMOCOUPLES 


c 0 





Telephone: Holborn 6989. 
75-79, Eyre Street, Sheffield, |. Telephone: 29212 








More protection for 
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TRIUMPHS OF SHELL RESEARCH 


New Shell Dromus Oils 


Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern high- 
speed machines are used and the emulsion can 
concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 
the Shell range of Dromus Oils has been reformu- 
lated and these new cutting oils, now bland, consid- 
erably reduce the risk of skin trouble to operators. 

The real difficulty was to find a newcoupling agent 
to replace the phenolic compounds, and Shell finally 
used what their chemists know as a higher fatty 


The Research Story 


alcohol complex. This solved one problem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 
The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the pleasant position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles. 
The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton 
is always ready to work with even the most special- 
ised sectors to produce the right oil for the job. 
If you and your organization have any major 
lubricating problems, it pays to get in touch with 
your local supplier of Shell Industrial Lubricants. 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 





Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in heid trials. 

This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom. 


new DROMUS SOLUBLE CUTTING OILS 


another proof of Shell leadership in iubrication 
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FRESH AIR on the subject 
of GLEAN AIR 


Fresh, clean air is always at a premium. VISCO ‘Reciprojet’ 
Air Filters automatically deal with dust contaminated air 
efficiently and economically. VISCO bring a fresh approach to 
the subject of ventilation and dust collection — ask us to tell 
you about ‘Reciprojet’ two-stage, automatic, self-cleaning air 
filtration. Cut costs by consulting THE VISCO ENGINEERING 
CO. LTD., STAFFORD ROAD, CROYDON. Telephone 
CROYDON 4I81. 





| VISCO 
Qoignee 


AIR FILTER 
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BOGIE TYPE 
REHEATING FURNACE 


FOR LARGE INGOTS 


The above is one of a pair of Furnaces installed at the 
River Don Works of The English Steel Corporation 
Limited, Sheffield, for re-heating a standard load of 
six 13 ton stainless steel ingots to rolling temperature. 
Reversing type with multi-pass regenerators built 
above floor level and all auxiliary equipment located 
behind the Furnaces 


PRIEST PRIEST FURNACES LIMITED © LONGLANDS ° 


The last word in 
Furnace design 





October, 1959 


We specialise in the design and 
construction of :— 

Open Hearth Furnaces 
Soaking Pits of all types 
Continuous Multi-zone Bloom 
and Slab Re-heating Furnaces 
Continuous Bogie type Ingot 
and Slab Heating Furnace: 
Furnaces for Aluminium Mel- 
ting, Coil Annealing and Slab 
Re-heating 

Forge and Heat Treatment 
Furnaces 

Stress Relieving Furnaces 
Shipyard Plate and Bar Fur- 
naces 

Modern Lime Burning Kilns 


MIDDLESBROUGH 


























260 B.H.P. Diesel Mechanical Locomotive 


for the South Durham Steel & Iron Co. Ltd. 


Incorporating National Diesel Engine, Scoop Control 


Fluid Coupling, S.S.S. 3-speed Powerflow Gear Box. 


HUDSWELL, CLARKE 


AND COMPAN Y LimMmizgé @ 


% 
y 


Pioneers for nearly 100 years 


DESIGNERS AND BUILDERS OF STEAM, DIESEL MECHANICAL, 
* DIESEL ELECTRIC, ELECTRIC AND BATTERY LOCOMOTIVES FOR ALL PURPOSES 
Locomotive Engineers, Railway Foundry, Leeds, 10 
Telephone: 34771 (6 lines) Cables: Loco, Leeds 
London Office: 14 Howick Place, Victoria Street,S.W.!. (Telephone: ViCtoria 6786) 
Telegrams: Hudclar, Sowest, London. Cables; Hudclar, London. 
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BUILDING 
BRICKS 


~™ 


| 


REFRACTORY 
BRICKS 


. range includes lightweight insulating firebrick in 6 ; 
grades for temperatures up to 1500 C—‘back-up’ — } 
insulation up to 850°C and insulation ters 
castables up to 1300 C. 


SANITARY 
WARE 


he 


KINGSCLIFFE < 


INSULATING PRODUCTS LTD. 


‘ue 


HEATING 
EQUIPMENT 


Head Office: STORRS BRIDGE WORKS - LOXLEY -: NR. SHEFFIELD Tel. 43844 °5 -6 


One of thee MARSHALL REFRACTORIES GROUP OF COMPANIES 


KIP.31 
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Reproduction of Dutch Print, (Circa 1695) 
illustrating the craft of the Basket Maker 
(Copyright, Radio Times — Hulton Picture 
Library) 


‘Every 
man 

to bis 
Own) 
trade — 


= ' 
our 
s STEELY 
trade is * 
Not only mild steel for everyday use but also the 
special steels demanded by the Nuclear Age. . . for 
example we produced the special steel plates for the 
reactor vessels at Calder Hall, Chapelcross and 
Bradwell, and we are now producing plates for the 
nuclear power station reactor at Latina, Italy. 


. 
ww 


* seal \ 
ee 4 4 
a\ 4n interesting booklet ‘Steels for the Joh”, just 
- \ 


< 
®,* 
: published by us, describes some of our newer products. 


We shall he de lighted 10 send Vou @ Cop) 


YOU SHOULD HAVE Our Technical and Research Department will also welcome 
THIS BOOK. 
enquiries from any whose problem is .. . STEEL 


CONSETT IRON COMPANY LIMITED, CONSETT, COUNTY DURHAM 


Telephone: Consett 341 (12 lines) Telegrams: Steel Phone Consett 
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From experience Gibbons ‘H.T 1’’ insulating refractory is the 
automatic choice of leading furnace manufacturers and users — its 
combination of low thermal conductivity with resistance to high 
temperatures has proved remarkably effective in minimising heat 
losses and raising furnace outputs. The Gibbons ‘‘H.T 1”’ is developed 


from more than 20 years’ experience in 


the manufacture of insulating refractories gait \ W 
and today an entirely new and original y) | | 4 ¥) 
manufacturing technique enables us to 


offer material having unique physical 


properties at a price you can afford to pay. INSULATING REFRACTORIES 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 55/41 
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B-0 ‘A ‘C takes good care of you 


—with ILFORD Industrial B X-ray film 


High among the priorities of BOAC is safety. Behind the scenes at London 
Airport is some of the world’s finest equipment, operated by highly trained 
personnel to ensure the reliability of every detail that contributes to safe 
operation. 

Where even the smallest foreign particle may imperil life, nothing is left to 
chance. Complex units, such as engine oil coolers which cannot be dis- 
mantled for inspection, are therefore radiographically examined to detect 
accumulations of sludge, metal debris, and carbon particles which would 
spell danger if they circulated in the engine lubrication system. 

For this examination, British Overseas Airways Corporation relies on 
ILFORD Industrial B X-ray film. Ilford has a reputation for reliability. 
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SILLIMANITE 
BRICKS AND SHAPES 


*Mullox’ bricks have been specially designed for all 
structures subjected to mechanical stress or thermal 
shock at high temperatures. By suitable kiln-firing 
treatment they acquire excellent spalling resistance 
and at extreme temperatures exhibit negligible 
volume changes. 

All brands are characterised by a low amount of 
fluxing impurities, which is ensured by using 
Sillimanite bonded with varying amounts of pure 
Devon Ball Clay. 

They withstand the corrosive action of most slags 
and are not attacked by either oxidising or 
reducing atmospheres. 

All jointing should be carried out with * Mullox’ 
cement which has been developed specially for use 
with *Mullox’ bricks. 


BRASSINGTON 


SEMI-SILIGA BRICKS 
SHAPES AND GEMENTS 


The Swann Brassington semi-silica brick is prepared 
by blending specially hand picked sand from the 
Company’s extensive deposits with a small amount 
of Devon Ball clay, thereby ensuring a consistent 
product with a minimum amount of impurity. 
Semi-silica bricks are characterised by a consider- 
ably higher resistance to thermal shock than normal 
silica bricks, volume stability, and a tendency to 
glaze in service. When used in conjunction with 
Swann Brassington siliceous cement, the bricks and 
cement glaze together forming a monolithic 
structure. Failure due to joint erosion is therefore 
eliminated. The bricks have a high resistance to 
erosion by slag attack and to abrasion by dust-laden 
furnace gases. 


Box muffle bricks 
for heat-treatment 
furnaces. 


Burner block 


Radiant heater 


block he salliiiniienetiesilliial 


Electrical resistor tile 


APPLICATIONS 


Combustion Chambers and fireboxes Burner Blocks 
Gas Port Blocks - Burner Baffles Hearth Tiles Sidewalls 


Roofs Hot repair Tiles 


Complete battery of soaking pits all lined with Brassington Semi-Silica 
Bricks. With acknowledgements to Stein & Atkinson Ltd. 


APPLICATIONS 


Reheating Furnaces, Side Walls of Combustion 
Complete Linings Chambers, Complete 

Soaking Pits, Complete Linings Furnace Door Linings 
Construction of Complete Open Hearth Furnace 
Slag Pocket Arches Regenerator Systems 
Construction of Stoker Arches 


* Full technical literature on request 


SWANN, RATCLIFFE & COMPANY (BRASSINGTON) LTD 


A MEMBER OF THE 


STEETLEY ORGANIZATION 


WIRKSWORTH, DERBYSHIRE 
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W ARN IIR 
UE ON ED 


Ub Valk 
PIG UXON 


containing 12/14% Silicon 
(or required content) 





Clean Machine Cast Pigs 
Dense Fracture 
No free graphite 


Guaranteed analysis 


Prompt delivery 


$6 . . r ) f ; . * 
Pioneers of Refined Piq Iron 


WARNER & CO. LTD., MIDDLESBROUGH 
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STEELWORKS MECHANICAL HANDLING PLANT 


wo f of 
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Ore handling 


The TY-ROCK ROD DECK SCREEN is a recent addition to the 


range of International Combustion equipment for ore handling 
The efficiency of this screen has been proved in operation and 
particularly satisfactory results are being achieved with ores known 
to be difficult to handle. 


International Combustion design, manufacture and install complete 
mechanical handling plants. 


i 
NINETEEN WOBURN PLACE, LONDON W.C.1 TELEPHONE: TERMINUS 2833 WORKS: DERBY 
Vember of Atomic Power Constructions Limited — One of the five British Nuclear Energy Groups 
rca ‘ 


21 
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Wherever power is used 
Crofts V-Rope Drives 


play a vital role... 


CROFTS ‘SUPROR’ SURE-GRIP V-ROPE DRIVES 
withYCrofts Patent Taper-Flushbushes 
Send for Publications 5761 ,2,3/T 


For powers up to 950 h.p. 
Drives up to 130 h.p. from Stock 
Ratios up to 8:1 


Taper-Flushbushes eliminate costly 
hitting 


PARALLEL-BORED PULLEYS ALSO AVAILABLE 


1 Ta an /@Y TENE j ’ YB) Branches at: 
} i &. Ld : } Belfast, Birmingham, Bristol, 
, im } | ’ Cardiff, Dublin, Glasgow, 
i . | 4 : ; 484 | ' f a4 y Ipswich, Leeds, Liverpool, 
‘ : , : ere ; London, Manchester, New- 
POWER TRANSMISSION ENGINEERS ee ee ee 
Head Office: THORNBURY . BRADFORD 3 . YORKSHIRE Subsidiary Companies in 


’ frica, U.S.A 
Phone: 65251 (20 lines) Grams: ‘Crofters Bradford Telex’ Telex 51186 eet ck esensicuaen 
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A more powerful deoxidizer 
than -onor 











MALONE ors 


AS aserviceto Ouriong established clients, 


we hold extensive stocks of silico 
manganese in this gountr y, of both the 
age dice ; * standatd. and éouial, grades, and we can 
sf beg Ge fe a ih airs ioe into your works to fit | 
a" ee “any Finetable whithiygu stipulate. 


Get an extremely keen quote from 
Union Carbide Ltd., Alloys Division, 
103 Mount Street, London, W.1. 
Telephone: HYDe Park 5361. 


The terms UNION CARBIDE and SAUDAMET are trade marks. 
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BRIGHTSIDE 


Hot and Cold Rolling Mills 
Rolls for Hot and Cold Rolling 
Roll Lathes 
Hot and Cold Shears 
Hot Saws and Reelers 
Steelworks Plant and Auxiliaries 


26” Structural Mill Approach Roller Table. 














THE BRIGHTSIDE FOUNDRY & ENGINEERING CO. LTD. SHEFFIELD 


BS69 
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Here are some of the 


(atalyti¢ Gas 


by 
The Stein Athi... M.S. Proce: jean tet 


Highly efficient 


and economical. 

Low capital cost. 

Low labour requirements. 
Clean sulphur-free gas. 


Controlled gas 


characteristics. 
Great flexibility. 


No effluent problems. 


The S&A licence for supplying 
this plant covers all industries in 
the U.K. and Scandinavia, except 
for Gas Works and those posses- 
sing coke ovens and/or blast 
furnaces. 


. LONDON 
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for every furnace 


IS a SIZE 


ACHESON 


of a Modern Arc Furnace is an 
‘““ACHESON”’ Graphite Electrode 


GRAPHITE ELECTRODES 


RA 


- 
O 
Zz 
© 
S 
O/ 
o 
= 
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o 
ie 
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{ACHESON is a registered trade mark 


The term 


PHONE: ROTHERHAM 4836 


SHEFFIELD 


WINCOBANK 


BRITISH ACHESON ELECTRODES LIMITED 
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FURNACE TOP 


Scenes of operations at No. | Blast Furnace 


(photos by permission of John Summers & 


TOTAL TIME wrecking burden, lining, hearth and 
bear 18 DAYS. 


(contra 


ation with Salem Fr ng € Lid 


And here are the details of our latest contract, at 
Richard, Thomas & Baldwins Ltd., ‘CC’ Furnace, 
Ebbw Vale. 


Demolition commenced 7th August, 1959 
Demolition completed 21st August, 1959 


TOTAL TIME wrecking burden, lining hearth and 
bear 145 DAYS. 


Save valuable production by contacting 


—TO FURNACE 
BOTTOM 
j— 5 ial 


Men removing throat 


armour & CO LIMITED 
3Cat Traxcavator RAILWAY AND CIVIL ENGINEERING CONTRACTORS 
Cast House Floor Level 


4 The two ‘Cats’ meet, 
final ‘break through’. 


Head Office: Scotter Road, Scunthorpe, Lincs. 


~ 


Phones: Scunthorpe 2308/9. Cardiff 21683 Airdrie Wayside 277 
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ARC MELTING FURNACES 


tn capacities frow 250 lbh Vo 200 ton 


Technical improvements evolved over many years with the installation 
of over 2,800 units are incorporated in the British built Arc Furnaces 
of either Demag or Lectromelt design now being offered by G.W.B. 
As a result of the present agreements between the three companies 
there is no restriction to one particular design. When you discuss Arc 
Melting Furnaces with G.W.B. the most suitable furnace for your 
production programme and shop layout will be suggested from the 
wide range of designs available. Let G.W.B. advise you on your 


steel melting problems. 


Lectromelt 36,000 kVA Steel Melting Arc Furnace with 24 0° diameter shell Demag Submerged Arc Ferro-Silicon Smelting Furnace 


G.W.B. FURNACES LIMITED 


P.O. BOX 4 - DIBDALE WORKS - DUDLEY - WORCS 
FOR ALL THAT IS BEST IN Telephone : Dudley 55455 


ELECTRIC MELTING AND SMELTING FURNACES Associated with Gibbons Bros. Ltd. & Wiid-Barfield Electric Furnaces Ltd 
GwWBLD8 
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The Thompson L’Hospied service embodies 
much more than the production of accurate 
and consistently fine heat-resisting castings. 
Through their close association with the 
furnace industry they have first-hand know- 
ledge of its requirements and unequalled 
facilities for testing under actual conditions. 


your ally! 


Added to these unique advantages is the 
specialised knowledge acquired during over 
twenty-five years in the trade. Thompson 
L’Hospied advice on alloys and design is 
widely sought and freely given to customers 
in every industry where heat or chemical 
treatment plays a part. 


QOntERS 9, 


Thompson 


LHospied 


” 
= 
~ 


A 
2 3 
“Sisting © 


A Member of the Incandescent Group 


7 


THOMPSON L’HOSPIED & CO. LTD., STOURBRIDGE, ENGLAND. 





i 


thes 


t 


Lets 


TE XOLEX mitt BEARINGS 


THE BUSHING COMPANY LTD. HEBBURN ON TYNE 


TELEPHONE: HEBBURN 83-2241 * TELEGRAMS BUSHING HEBBURN 
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ADAMSON-ALLIANGE CO. L”’ 


san 











WE PRODUCE 


QUALITIES 


Telegrams 
Lysaght-Scunthorpe 


Telephone 
2271 (7 lines) 






BRITISH 
STEEL 


AT ITS 


BEST 


BASIC OPEN HEARTH STEEL 


CARBONS UP TO 1.0%, 

DEEP STAMPING & RIMMING 
SILICON & SILICO -MANGANESE 
FREECUTTING 

LEAD -BEARING 


BLOOMS 5” up to 9” square 

BILLETS 2”, 24”, 24”, 3”, 34” and 4” sq. 

SLABS 5” to 16” wide x 2” to 2}” thick 

SHEETBAR 12’ wide x }” to 3” thick 
Other sizes by request 


For further particulars please write to us at: 

JOHN LYSAGHT’S SCUNTHORPE WORKS LTD. 
Normanby Park Steel Works, 

SCUNTHORPE, Lincolnshire. 








EES ROLLING MILL DRIVES 


On their universal beam mill at 
Lackenby Works, where the 
largest beams in Europe are 
rolled, Dorman Long (Steel) Ltd 
use A.E.I main electric drives 
totalling 30,000 h.p. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


HEAVY PLANT DIVISION RUGBY AND MANCHESTER, ENGLAND 


2 
2 
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yohnsons rolls 


LIMITED 


hall end iron works west bromwich. 


TELEPHONE - WEST BROMWICH 1t18I-5 TELEGRAMS ~ ROLLS WEST BROMWICH 
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Steelworks Plant 


Phe photograph shows a 2,300 H.P. 600 volts 
D.C. Shunt (Stability Compounded) motor 
control panel incorporating a motorised 
preset shunt held regulator, ‘inch forward’, 
‘inch reverse’ features and emergency 
sustained dynamic braking for a ‘‘Cross 


Country’ steel rod mill, 








May we have your enquiries for steel 


works automatic control gear? 





CONTACTOR SWITCHGEAR LTD. 


BLAKENHALL +: WOLVERHAMPTON ENGLAND 


Telephone: Wolverhampton 25911! /7 Telegrams : TACTORGEAR Wolverhampton 
October, 1959 











Industry 
demands 
Steel 
—and 
Allen West 
Control 


Gear 





Whatever the application, for every motor there is an Allen West starter 


* Designed to B.S. Specification throughout 


* Complete range—A.C. or D.C. automatic or hand-operated, 
from fractional to thousands of horsepower 


4 ALLEN WE ST * Single units or composite switchboards 


* Crane Control Gear 





* All classes of enclosure, from open-type to fully weatherproof 


ALLEN WEST & CO LTD BRIGHTON ENGLAND :: Telephone: Brighton 2329! - Telegrams: Control, Brighton 
Engineers and Manufacturers of Electric Motor Control Gear and Switchgear 
ARY ¢ MPAWNIE N ANADA, S¢ TH AFR A AWN RH f A A ENCIES THROUGHOUT THE v, 
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QUALITY REFRACTORIES (40-42/AL90,) 


are earning a deserved reputation for reliability and economy in... 
ELECTRIC FURNACE CROWNS. REGENERATORS. In addition to our well known BONNYBRIDGE, 


ala lee viesial ; CALDER, OCTO and NOVO BRANDS we have a 
N ES. _ERS, ane 
REHEATING FURNACES. BOILER wide range of Refractory Castables & Monoliths for 
quick, easy installations and repairs. 


BONNYBRIDGE SILICA & FIRECLAY CO. LTD 


BONNYBRIDGE, SCOTLAND. Telephone: BONNYBRIDGE 227 


and many other Furnace Applications. 


Telegrams: “SILICA,” BONNYBRIDGE 
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<4 80 ton steelworks crane. 


We are specialists in the design 
and manufacture of heavy duty 


and large capacity overhead elec- 


tric travelling cranes 





Ms 


CRAVEN BROS. CRANE DIVISION LTD. LOUGHBOROUGH ENGLAND 
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CRANKSHAFT S of all types 


to the finest degree of engineering perfection 


October 


SUPPLIED AS 


PRESS 
DROP Om am Cm mm) Cur 


C.G.F. 


(CONTINUOUS GRAINFLOW) 


Specialised techniques deveioped over the last 150 years, combined 
with rigid testing and examination, ensure the highest possible 


standard of soundness demanded for these components, 





ENGLISH STEEL FORGE AND ENGINEERING CORPORATION 


tmuited 


Ricer Don Works. Sheffield 
A wholly owned subsidiary of English Steel Corporation Lid 


1959 





rs has reached impressive figures. 


Two High, Three High and 
Four High Rolling Mills — 1800 
Slitting Machines — 360 
Rotary Swaging Machines — 330 
Flattening Machine 
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BLAST FURNACES 
FOSTER HIGH GRADE SPECIAL 


Improved quality stack refractory with 
high abrasion resistance and resistant to 
carbon monoxide. 


FOSTER CROWN SPECIAL 


improved 42 
in lower stack, bosh and hearth 


Alumina refractory for use 


FOSTER CARBON 


A proved refractory for use in bosh, well 
and hearth. Large blocks or standard 
bricks. 


HOT BLAST STOVES 
FOSTER CROWN 


For use in dome, inner combustion chamber 
lining, top side walls, top chequers. 


FOSTER HIGH GRADE 


For use in lower chequers, main stove 
side walls. 


October, 1959 


‘ Foster ’ is one of the great names in Blast Furnace refractories 

and Foster refractories (as listed) make an important contribution 
to the new ‘GR’ range of Blast Furnace refractories. This 
range offers users the widest available choice of new and improved 
products with which to combat the severe conditions of modern 
furnace operation. This outstanding advance is yet another 
example of ‘GR’ research, enterprise and practical knowledge in 
action, one more of so many refractory developments which 
this organisation places at the command of the world’s 

iron and steel industry for even greater efficient and economical 
production. 


HENRY FOSTER & Co. LTD. 


BACKWORTH, NEWCASTLE-UPON-) YNE 


Member of the General Refractories 


Group 


41 
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FURNACES for Forging, ingot Heating, Plate semnaiiaiee and Annealing 
LICENSEES AND BUILDERS OF: 
“OFU” SOAKING PITS AND CONTINUOUS SLAB REHEATING FURNACES 
THERMO PATENT CONTINUOUS FURNACES 
LOFTUS OPEN HEARTH FURNACES 
WILPUTTE COKE OVENS 


GIBBONS BROTHERS LIMITED P.o. BOx 19, DIBDALE, DUDLEY, WORCS. 
Telephone: DUDLEY 551/41 Telegrams: ‘GIBBONS’ DUDLEY 


LONDON OFFICE:— 151-156 PALACE CHAMBERS, WESTMINSTER, S.W.1 
NORTH EASTERN OFFICE:— ‘“‘CRANBOURNE"’ 155 YARM ROAD, EAGLESCLIFFE, NR. STOCKTON-ON-TEES 
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This installation for the Tunnel Portland Cement Company, involved the manufacturing 
and laying of rail and crane tracks along the new jetty and joining up to 
existing tracks on the old jetty. The tracks are 75 Ib. F.B.B.S. *R?° and 
98 Ib. F.B.B. Railways section. 
The combination joining the new and old ietties to the main access tracks, is a 
treble junction and Goliath crane track comprising three turnouts, three diamond 
crossings and thirteen crane crossings, all prefabricated and laid down as a 
unit at our Works to ensure the minimum disruption to traffic. In addition, six 
throughroads were manufactured and installed as well as 1,053 yards of straight and 
Ey alia curved crane and rail track, most of the crane track angle guarded. 
Mteabere & Thorsen AIS This is yet another example of Summerson’s resources and 120 years experience in 
ae ey or the design, manufacture and laying of railway sidings. 


Sir Alexander Gibb & Partners” 


Always consult Summerson first on railway siding problems 


THOMAS SUMMERSON & SONS, LTD., MOWDEN HALL, DARLINGTON DARLINGTON 522 
London Office Sa Dean's Yard, Westminster, S.W.1. Abbey 1365-6-7. 


October, 1959 











i tra t f the be 
, ' ibe 
d drawn € Nv and 3” 
1 engtt terna 
and 1 i rid 
4 litable t e damp 
1 are handled 
at € ire 
‘ and ¢ ide dia 
1 i } materia 
vy f hoppe f 
t 1 
a ed 
be 
1 drawr " t} kness 


itside dia. Idler base board is con- 


tionally arduous duties, 
to support and protect belt 
shioning shock when 











.. .WITH G.E.C. 
HEAVY DUTY IDLERS 


For more than 50 years G.E.C. have manufactured belt conveyors. 


Shown above is a variety of heavy duty idlers which have been 
developed through extensive research and 50 years’ experience in 
materials handling field. Important features of these idlers are 
SEALS designed to retain lubrication and exclude dust 

and abrasive matter — thus reducing friction and wear. 
BEARINGS of a taper roller type I 
a continuous load of 1,500 lb., giving a high factor of safety. 
SINGLE SHOT LUBRICATION on eit! 

All bearings need only infrequent lubrication. 

BRACKETS cast from malleable iron, designed for 

maximum strength and resistance to shock loads and breakage. 


capable of 


her outside bracket. 


All components are proportioned to allow 
for corrosion, abrasion and normal abuse 


Special equipment can be supplied to meet abnormal conditions. 


For further information write for Publication No. 2829 


THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
FRASER & CHALMERS ENGINEERING WORKS - ERITH - KENT 


Designers and Manufacturers of Complete Materials Handling Plant. 
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Expansion in the use of oxygen in the Steel 
Industry emphasises the need and importance 
of On Site Tonnage Oxygen. 


Air Products fully integrated services will 
design and install a complete On Site Tonnage 
Oxygen Plant specifically planned to meet your 
present and potential oxygen demand. The 
plant can be leased from Air Products 

(Great Britain) Ltd., or the oxygen output can 
be supplied under contract at a fixed price. 


An Air Products On Site Tonnage Oxygen 
supply system ensures continuity and reliability 
of supply at consistent high purity at 

minimum cost. 


The engineering research and development of 
Air Products Inc. of America, the leading 
builders of Tonnage Oxygen Plants in the 
world, are now available through Air Products 
(Great Britain) Ltd., who will advise on any 
problem relating to oxygen/nitrogen 
production, low temperature plants, gas 
liquefaction or separation processes, 





Air Products 


(GREAT BRITAIN) LIMITED 


ST. GILES HOUSE . 49-50 POLAND STREET - LONDON . W.1 
Telephone: GERRARD 0616 (10 lines) 


October, 1959 





aie 
a 


SPEEDING THE SINTER FLOW 


This photog 


aie 


ee a y 


Se ae 


ooking down on the 
at Barrow lronwork 


On the riz 


For 70 years, we have made steady improve- 
ment in the sintering process our business, and 
each sinter plant we design and install incor- 
porates the latest developments in_ sintering 
technique 

At many new sinter plants, including those at 
Barrow lronworks, Consett Ironworks, the 
Iron and Steel Corporation of South Africa, 
Cockerill-Ougrée (Belgium) and the Societe 
Metallurgique de Normandie (France), a new 
Huntington Heberlein cooler has increased the 
efficiency of the sinter process. High quality 
sinter is being cooled in 20 minutes from 600 ¢ 
for transmission on normal belt conveyors. This 
cooling is achieved by forced circulation from 
cold air fans which work at very low power 
consumptions 

Associated in the U.S.A. with Koppers Com- 
pany Incorporated, our other specialities in- 
clude: Ore Dressing Plants, High Intensity 
Magnetic Separators, Herreshoff Furnaces and 
Badische Turbulent Layer Roasters 








CONTINUOUS SINTERING PLANTS BY 


Huntington, Heberlein & Co. 


. 92.9% 2 = , 2146 

Simon House, 28-29 Dover Street, London, W.1. Telephone: Hyde Park 8191. Telex: 2-3165 Telegrams: Innovation Wesphone London Telex 

Commonwealth Representatives Simon-Carves (Africa) (Pty) Ltd: Johannesburg Simon-Carves (Australia) Ptv Ltd: Botany. N.S.W 
u tany, ; 

HH29 Simon-Carves Ltd: Calcutta Simon-Carves Ltd: Toronto 
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HOLSET FLEXIBLE 
Rubber Block COUPLINGS 


for ROLLING MILL 
MAIN DRIVES and 


Mill Motor Coupling 


all AUXILIARIES vt 20049 


CHARACTERISTICS OF 
HOLSET COUPLINGS 


Can accommodate substantial angular and parallel 
misalignment. 


Absorb shocks and operate noiselessly 
under any conditions. 


With a multi-row arrangement of the blocks, Holset 
Flexible Couplings can have a small diameter 

and, therefore, a lower WR? value than any 

other torsionally resilient coupling. 


Do not create any end thrust on the bearings 
of the connected shafts 


@ Provide electrical insulation between the 
driving and driven machines as there is 
no metal to metal contact. 


Do not require lubrication or maintenance of any kind. 


Installation of Holset Flexible Couplings is 
simplicity itself. As there are no spigots, 
removal of the bolts permits vertical lift 
of the driving and driven machines. 


The design is consistent throughout the range 
of standard sizes which extends to couplings 
with a torque capacity of 400 metre tons 


oe AOA cncmccene co. ue 


TURNBRIDGE HUDDERSFIELD. 
Telephone : Huddersfield 7480 Telegrams: Holset, Huddersfield 


Main drive Coupling. 21,000 h.p. at 40 r.p.m. 








rad 


> ~ 
NO GROUTING IN Bees 







NO WAITING FOR 





NT TO HARDEN 






THEY GRIP BY EXPANSION 






SAVE TIME with Rawlbolts. Grouted ragbolts will take 3 days 
to harden before the machine can be used. Use Rawlbolts and 






the machine can be in production in much less than 3 hours, It 





Write now 





can be moved easily to a new position when necessary. 
SAVE LABOUR with Rawlbolts. No laborious and time wasting 
cold chiselling with Rawlbolts. The holes are drilled with a 






for descriptive 
broadsheet of 
R 1480 which 







Rawltool to the exact size, the Rawlbolts dropped in and after 


SE — 





incorporates 





the machine has been positioned the bolts are tightened. The a 






a half size 
Rawlbolt 
Refeé rence ( ‘hart 





expansion of the segments locks the bolts in the holes. 








The world’s largest 





manufacturers of fixing devices 








THE RAWLPLUG CO. LTD - CROMWELL ROAD - LONDON S.W.7 | oh, 
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98" 4- HIGH PLATE MILL? 


We designed and built this plant 

including all major auxiliaries 

such as roller tables, hot leveller, 
cooling bed and complete shearing line for 
THE PATENT SHAFT STEEL WORKS LIMITED 


We also supplied a complete Blooming Slabbing Mill to this customer. 
For further details ask for our leaflet No. R.M. 112 


eng RT nen 
" 7 . 


THE Te EWY.. ENGINEERING COMPANY LTD. 
“et BOURNEMOUTH ENGLAND 


October, 1959 





arn forge furnaces 


FIRED BY FUEL OIL, 
PRODUCER GAS OR CITY GAS 


The increased demands for accurate repetition of heating conditions 
is ensured by automatic control of 
furnace atmosphere, temperature and pressure. 
These city gas fired furnaces 
were recently installed at 
the Works of C. Meadows 
& Co. Ltd., Sheffield. 





WINCOTT 


KS. 


G.P. WINCOTT LIMITED Ge naee 
Telegrams» WINCOTT, SHEFFIELD. SH } bA : i832 ENGLAND 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








A junction chamber 


on an early 3-phase 


distribution system ? 


The roof of 


a reheat furnace ? 


A new kind of 
resilient foundation 
for a press ? 


Number two is the right answer. It is part of the monolithic roof of a reheat furnace at the Margam works of the Steel 
Company of Wales, immediately before the refractory was placed. 

The special anchor bricks hanging from the R.S.J’s are secured by heat-resisting clips and will provide support 
through the full thickness of the refractory lining. 

This roof was cast in ““TRI-MOR” High Temperature Castable. It is a good example of the type of furnace lining 
which “TRI-MOR” refractories and Morgan’s whole-hearted belief in monolithic structures have made possible. 


Some of the most usefulof the“ TRI-MOR?” refractories are : 


TRI-MOR Standard Castable 
TRI-MOR High Strength Castable 
TRI-MOR High Temperature Castable 


M @) G A N TRI-MOR High Temperature Mouldable 


. TRI-MOR Dense ‘Guncrete’ 
efractories Ltd ee 





TRI-MOR Insulating Castable 


TRI-MOR Insulating ‘Guncrete’ 
MORGAN REFRACTORIES LIMITED, = 
NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 Sull ddI TULL Mali 
NE 149 A 
October, 1959 51 
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DEMAG 


FOR INDUSTRIAL EQUIPMENT 


oy 


DEMAG, with its 140 years of experience as supplier 
to industry, makes available its services to all 
continents for the solution of large-scale technical 
problems. So far, complete equipment for more 
than 2000 rolling mills has left DEMAG’s work- 
shops — convincing evidence of the Company’s 
productive capacity. 


The picture shows the broad flange beam mill re- 
cently put into operation at a German iron and steel 
works. This mill is also used to manufacture new 
“Euvropean-type straight flange beams” (IPE sections). 


DEMAG DUISBURG CERMANY 


For U.K. represented by: 
RYMAG LTD., 101, Leadenhall Street, London E. C. 3 








BROWN BAYLEY 
STEELS LIMITED BOW 


SHEFFIELD — 
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JOSEPH ADAMSON 


ELECTRIC OVERHEAD TRAVELLING CRANES 





The Adamson 50 10 ton crane is the third of a series 
of new design supplied to Richard Thomas & Baldwins 
Limited, Ebbw Vale Section. Features of the crane 
include monolithic construction of the crab and the 
elimination of castings by mild steel fabrication of the 
hoist barrel and bottom block. The cab is of particular 
interest as it incorporates the most modern type of 
seat unit ensuring maximum vision and ease of control. 
Joseph Adamson electric overhead travelling cranes can 
be supplied to all specifications including cranes suited 
a view of the cab showing to the most exacting 24 hours-a-day process work. 








the seat control unit. 


JOSEPR ADAMSON & CO. LTD. 
o.toOoOk 4 H Y DE Cc MES HWtR E 
in association with 
Adamson Alliance Co. Ltd., 165 Fenchurch St., London, E.C.3 
Horsehay Co. Ltd., Wellington, Salop 


ADAMS ON GROUP 
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Fuel Selection for Annealing Castings 


“replacing an existing furnace by one using town gas due to the high maintenance and 


replacement costs incurred with existing equipment” 


Langley Alloys Ltd., manufacturers 
of the well-known “Langalloy” and 
“Hidurax” alloys, face a problem 
common to most heat treatment 
process users in that they need a 
flexible plant to treat loads varying 
in size and metallic composition. 
For example, a recently installed 
furnace at Langley Alloys Ltd. is 
used primarily for the heat treatment 
of corrosion resistant castings in the 
“Langalloy” series of nickel-based 
and stainless steel alloys, yet it had 
to be satisfactory for hardening and 
tempering large forgings in alu- 
minium, bronze and other copper- 
based alloys. 

The nickel-based alloy castings 
include nickel-molybdenum-iron and 


nickel-chrome-molybdenum alloys 
which are solution heat treated by 
holding them at temperatures ranging 
from 1,150°C to 1,250 C followed by 
a water quench or air blast. This 
treatment ensures maximum cor- 
rosion resistance and 
machineability. 

Stainless steel castings include chro- 


eases. the 


mium steels and various grades of 


chromium-nickel austenitic — steels, 
and the heat treatment is carried 
out at 950 C to 1,100 °C, after which 
they are water quenched. 


THE PROBLEM 

The North Thames Gas _ Board 
Industrial Department was asked to 
collaborate in replacing an existing 


TULLE 


eee 


Ml 


Surnace at Langle, 
furnace construction and the hearth part 


furnace by one using town gas due 
to the high maintenance and replace- 
ment costs incurred with the existing 
equipment. It was pointed out that 
the furnace hearth was subjected to 
hard wear caused by heavy parts 
being dropped on to it during loading. 
A bogie hearth furnace was suggested 
measuring 4 ft. 0 in. long by 3 ft. O1n 
wide. After the bogie hearth was 
withdrawn it had to be capable of 
being tilted so that the articles could 
be tipped into a side quenching tank. 
A maximum temperature of 1,250 C 
held within —10°C was also stipu- 
lated. 

A further requirement was a steel 
table used as a loading platform at 
the same height as the bogie hearth 
with a quenching tank sunk into 
the floor. 


THE EQUIPMENT 

The North Thames Gas Board dis- 
cussed the requirement with the 
furnace manufacturers, and eventu- 
ally a furnace was supplied and fitted 
to the following specification: 


Dimensions of Furnace—Door open- 
ing 3 ft. 6in. wide and 1 ft. 11 in. high 
from the top of the bogie to the 
spring of the door arch. Length from 
door face to back wall of 4 ft. 104 in. 


Wall and Arch Construction—Light- 
weight insulating refractory backed 
with diatomaceous insulation. 


Casing—Totally enclosing the brick- 
work except the roof. Adequate in 
strength to prevent any distortion. 
Finished in heat resisting aluminium 
paint. 


Bogie Construction—High quality 
firebrick top backed with insulating 
refractory. Door forming back of the 
bogie lined with lightweight insu- 
lating refractory and diatomaceous 
material. Sandseals on the sides and 
end of the car to prevent hot gases 


Fig. 1 
A front view of the gas-heated annealing 
{/lovs Ltd. showing the 


withdrawn towards a sunken quench tank. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 











escaping from the furnace chamber 
Wheel axles in roller bearings for 
easy bogie movement. Hand wheel 
operated clamping screws on door to 
lock the bogie in position—the door 
protecting the operator against radia- 
tion as the bogie is withdrawn 
Manual withdrawal by a chain and 
bevel gear drive to the wheels with 
operating handle at a convenient 
height on the back of the door. 
Sufficient rail length for withdrawal 
of the bogie clear of the mouth of the 
furnace for loading and unloading. 


Gas Burner Equipment—Two air blast 
burner blocks firing from the rear 
wall on each side of the furnace. No 
flame impingement on the charge 
the hot gases, after passing to the 
door, are drawn back through flues 
in the rear wall arranged at bogie 
hearth level. Flues connected to a 
common outlet with damper control 
Each burner set provided with 
graduated air and gas control cocks 
\ motorized valve, wired through a 
temperature control panel, simul- 
taneously operates valves in the main 
air and gas supplies according to the 
heat input requirements. 

Other controls on the main. gas 
supply include a constant pressure 
governor, non-return valve and a 
solenoid operated main shut-ofi 
valve. 


Fan blower at 22 in. w.g 


Loading Equipment—Mild steel load- 
ing table is provided with a top for 
easy loading of the work on to the 
bogie. As the hearth is at tempera- 
ture all loading is carried out 
with tongs. 


fir Supply 


A hand operated tilting 
device, the door again shielding the 


Unloading 
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operator from the high temperature 
during bogie tilting. Locking device 
provided holding the bogie to the 
rails during this operation. 


Quench Tank— Mild steel plates, suit- 
ably braced. 3 ft. Oin. wide by 
4 ft. 6in. deep by Sft. Oin. long to 
quench 500 Ib of castings with a 
water temperature rise to 140 F. 


Safety Control—Diaphragm switches 
in both air and gas lines connected 
to solenoid valve in the main gas line 
The solenoid valve closes with failure 
of gas or air supply and cannot be 
opened until it has been manually 


reset. 


Test Results—Tests were made during 
a day’s operation to determine the 
performance of the furnace under 
normal operating conditions. The 
working temperature of 1,050 C was 
obtained in 1} hours after lighting 
from cold for a gas consumption of 
approximately 12} therms. The time 
to recover working temperature fol- 
lowing loading was between a quarter 
and half an hour, depending upon 
the size of the charge 


One charge consisted of 291 Ib of 


small castings of nickel based stain- 
less steel, and the working tempera- 
ture was recovered in 20 minutes for 
a consumption of 25 therms of gas 
A further 4 therms were consumed 
whilst one hour’s soaking was taking 
place, giving a total of 65 therms for 
the treatment of the charge 

It is estimated that to heat the 
furnace and a 500 Ib. charge to 
1.250 C would take 3 hours and 


require approximately 25) therms of 


gas. For a follow-on charge of 
500 Ib, assuming the furnace to be 
at 1,350 °C and the bogie at 1,000 C, 


Advertisement 


Fig. 2 
4 rear view of the annealing furnace 
the gas/air controls and safety de ( 


showing 


would take | hour with a gas con- 
sumption of 11} therms. 


Langley Alloys Limited also use 
town gas in their foundry for shell 
moulding, core drying, ladle drying 
and other specialised foundry require- 
ments as well as for canteen and 
welfare purposes. 

This is one example of collaboration 
between the user and plant supplier 
where the North Thames Gas Board 
offered a free consulting 
An Industrial Gas Officer at any 
Area Gas Board can avail himself of 
the experience of his colleagues in 
other Gas Boards through the 
medium of the Gas Council’s Indus 
trial Gas Development Committee 
And, of course, heat treatment is but 
one of the many trades, professions 
and occupations using the facilities 
and research of the British Gas 
Industry 


service 


Scottish Gas Board, Edinburgh 
Northern Gas Board, Newcastle-upon-Tyne 
North Western Gas Board, Manchester 
North Eastern Gas Board, Leeds 

East Midlands Gas Board, Leicester 
West Midlands Gas Board, Birmingham 
Wal § Gas Board Cardiff 

Eastern Gas Board, Watford 

North Thames Gas Board, London, W 
South Eastern Gas Board, Croydon 
Southern Gas Board, Southamptor 
South Western Gas Board, Bath 


The Gas Council, 1 Grosvenor Place 
London, S.W 


Fig. 3 

4 view showing the hearth completely witi 
drawn—the door protecting the operator 
from radiation from the charge—and being 
tilted towards the quenching tank. 
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PROBLEM 


Pickford Holland install the latest hydraulic presses 


Refractory bricks today must be ab- 
solutely accurate in size and_ shape. 
These qualities, combined with unerring 
consistency in texture and performance 
are achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control of 


for standard and special shapes 


the various processes is strictly observed, 
and the finished bricks are carefully 
inspected and tested before being des- 
patched to the consumer. 

More and more Pickford Holland re- 
fractory bricks are being supplied to steel 
and other industries throughout the 
world and the demand still grows. This 
surely points to the success of this policy 


of plant modernisation and is a tribute 


to the lasting service that these bricks 
give. 


PICKFORD HOLLAND Refractory Bricks 


Consistent in Size. Shape, Texture and Performance 


LTD., 381 


FULWOOD ROAD, 


SOLVED 


SHEFFIELD 10. TELEPHONE: 
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Flying Shears 


Designed by the Engineering Department of Guest, 
Keen & Nettlefolds (South Wales) Ltd., and made by 
B. Thornton Ltd., Turnbridge, Huddersfield. 

We design and manufacture: 

Equipment for Coke Ovens, Blast Furnaces and 
Open Hearth Plant. Rolling Mills for the Ferrous 
and Non-Ferrous Industries and Rolling Mill 
auxiliaries. Plate work. 





Bogies of all kinds for carrying light or heavy loads. 
General Engineering work of various kinds. 

We shall be glad to quote against your 

requirements and specifications. 


B. THORNTON LIMITED 


Turnbridge, Huddersfield. Phone. Huddersfield 7541 


October, 1959 





“You know this job ealls for a 


highly specialized steel” 


A job that calls for a special steel ? 
Then call in Willans, the specialists. 
With their air-melting electric furn- 
aces and modern high-vacuum melting 
equipment, they can produce up to 250 


tons of special quality steels per month, 


G. L. WILLAN LTD 


SUSSEX STREET 


‘Then 
WILLANS 
are the 


people” 











including stainless and_ tool steels, 
and steels for nuclear energy equipment. 
All are made under strict standards 


quick 


deliveries of all ‘specials’ in steels, 


of metallurgical control. For 


call in Willans at once ! 


Approved A.I.D.,D.1. Arm. A.R.B. 


Steel and Alloy Manufacturers 


SHEFFIELD 4 * TELEPHONE: 24211 
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PLANT 


by Newton Chambers 


| ee CHAMBERS bring to the service 
of the steel industry years of specialist 
experience in the design and manufacture of 
heavy steelworks plant and equipment, and 
are keeping abreast of modern requirements 
by their own developments and by entering 
into arrangements to manufacture new types 
of plant developed overseas. 

Recent extensions to our shops, with the 
provision of new equipment, enable us to 
make even larger, heavier and more intricate 
fabrications. Today, we are one of the largest 
suppliers of steelworks ancillary plant, includ- 


ing ladles up to 300 tons capacity. 


Slag Ladies and Carriages 

Hot Metal Ladies and Carriages 
He cvrtecdni ue -Acopcvnypintte cep vs hepharbe lane Casting Ladies and Carriages 

Ingot Casting Cars 

Ingot Transfer Cars 

Special Transport Equipment 

Gas Cleaning Plant (Bischoff) 

Pig Casting Machines 

Recuperators and Heat Exchangers 


3 





Newton 
Chambers 


ENGINEERING DIVISION 
THORNCLIFFE - SHEFFIELD 

















OVER 300 CARS IN OPERATION 


IN VARIOUS PARTS OF THE WORLD 


MIXER CARS 
HOT METAL LADLE CARS 


@ HOT METAL MIXER CARS FOR THE SAFE AND 
ECONOMICAL TRANSPORT OF MOLTEN METAL 


@ LARGEST CAPACITY CARS ARE WITHIN STANDARD THER SPECIALIT 
RAILWAY LOADING GAUGE MORGAN GAS MACHINES . SOAKING 
@® HOT METAL CAN BE RETAINED IN PERFECT PITS (Isley Controlled) . MILL FURNACES 


CONDITION FOR HOURS 


TYPHOON ROTARY FLAME GAS 
CAPACITIES FROM 75 TO 160 TONS 


BURNERS MORGAN AIRJECTORS 
@ MINIMUM OF SKULL AND SCRAP LOSSES ical cnieitiatied. widiam 
@ MAXIMUM LIFE OF BRICKLINING PER TON OF ANNEALING FURNACES (Sole Licens 





HOT METAL 


THE INTERNATIONAL CONSTRUCTION CO. LTD. 


(Successors to Julian Kennedy, Sahlin & Co. Ltd) 


56 KINGSWAY . LONDON . W.C.2 
Telephone: HOLBORN 1871-2 Telegrams: SAHLIN, WESTCENT 2 LONDON 
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Tough as the rock 


COR-TEN CAN TAKE IT 


Super-tractor shovel shifting rocky overburden (Photograph 
HEREVER you see steel taking savage punishment, by courtesy of Michigan (Great Britain) Limited) 
the chances are it will be SCW Cor-Ten from The 
Steel ¢ oy of Wales. s Please write to us at the address below for further 
With good reason. For over the past four years SCW information or for technical assistance in th 
Cor-Ten has built up a solid reputation for sheer tough- 


application of SCW Cor-Ten to your products 
ness. More and more designers and users are specifying 


SCW Cor-Ten where high yield strength and corrosion and 
abrasion resistance are of major importance. ‘ty - 
Cor-Ten is tougher 


alternatively: Strength for strength, a saving of 4 of the 


weight is possible “ RMLITAY BOLLING STOCE 


@ Weight for weight, the yield strength is 50°; higher than 
ordinary mild steel 


S AGRICULTURAL AND EARTH-MOVING EQUIPMENT 
@ 4-6 times more resistant to atmospheric corrosion 


¢ MINE CARS © POWER STATION INSTALLATIONS 
@ Highly resistant to abrasion and fatigue SYN BARGES AND SMALL CRAFT 


THs SEL COMPANY OF WALES LIMITED 


ABBEY WORKS, PORT TALBOT, GLAMORGAN TELEPHONE PORT TALBOT 3161 


October, 1959 63 
















Corrugated ‘Perspex’ roof lighting at Ince 
Power Station It was installed by 
Cellactite and British Uralite Ltd., sub- 
contractors to Simon-Carves Ltd. Photo- 
graph by courtesy of the Central Electricity 
Generating Board, North West, 
Merseyside and North Wales Region. 


Corrugated ‘Perspex’ 
makes the most of 
available daylight at 
Ince Power Station 


FACTORIES AND PLANTS all over Britain have found  roofings, so that it is easy and economical to install. 
that Corrugated ‘Perspex’ acrylic sheet is the finest (It can also be used on flat or curved roofs). It reduces 





material for roof lighting. No other roof lighting costs on artificial lighting. It will withstand weather 
material transmits more daylight. ‘Perspex’ is tough. conditions in any part of the world and is com- 
light in weight and gives long-lasting satisfactory service. pletely unaffected by the atmosphere of most industrial 
The good daylighting from Corrugated ‘Perspex’ means areas. | 


higher morale and better work from factory workers. If diffused daylight is required, Opal Corrugated 
Corrugated ‘Perspex’ fits directly into corrugated ‘Perspex’ is available. 


It’s as clear as daylight —it must be 
CORRUGATED “PERSP Ae : 


Perspex’ is the registered trade mark for the acrylic sheet manufactured by I.C.1 





IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON ° S.W.1 
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LADLE LINING BRICKS 


SLEEVES 


STOPPERS 


NOZZLES 


TRUMPET BELLS 


TRUMPET GUIDES 


CENTRE BRICKS 


INGOT FEEDER TILES 


RUNNER BRICKS 


Nozzle 


nonpareil 


Wrages of Sheffield 

pioneers in the manufacture of 
casting pit refractories, and 
have always concentrated their 
efforts in this field. The 

results of this specialisation can 
readily be seen in, for example, 
this nozzle —in which only 

the finest materials have been 
used for reliability and general 


all-round ethic wency 


Our Pallet Service 
minimises the 

risk of damage in 
transit —saves time and 
trouble in handling. 
Particulars gladly sent 


on reque st. 


Sheffield 


for reliable casting pit refractories 


THOS. WRAGG & SONS (SHEFFIELD) LTD. LOXLEY, NR.SHEFFIELD. TELEPHONE: 343034 


Cctober, 1959 
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Coking Plant... 





... of the Durham Division of the National Coal Board. The plant has 
a very advanced system of centralised instrumentation for operational 
control and can produce some 250,000 tons of high grade metallurgical coke 
yearly and provide purified gas for the gas grid at the rate of 7} million 
cubic feet per day. 
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The Cleveland Special Alloy Grain Roll offers just about 

the best that can be obtained from a cast iron section roll. 

Improved Total Life — Better Tonnages 

between Dressings — Improved Surface Finish. 

These can all be expected with this uniform grained, tough, 

wear-resisting cast iron roll. 

When ordering grain section rolls specify CLEVELAND SPECIAL ALLOY GRAIN 
and get the best results for any particular section. 





Why THE CLEVELAND’ ®? 


DAVY AND UNITED ROLL FOUNDRY LIMITED, BILLINGHAM, CO. DURHAM 260/R 





The Cleveland Special 
Alloy Grain Roll is 
described fully in our 
brochure ‘‘ ROLL MAKING,” 
which shows this and many 
other types of rolls 
manufactured by DAVY-UNITED 
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PAPERS AND REPORTS ON RESEARCH AND PRACTICE 


Factors affecting fuming 


in open-hearth furnaces 


INTRODUCTION 

FUME FORMATION in open-hearth furnaces is vitally 
important for a number of reasons, e.g. its effect on 
blocking of checkers and flues, refractory attack, 
ingot vield, and air pollution. First work in this field 
at United Steels was done in 1949 when a number 
of producer-gas furnaces were converted to pitch- 
creosote firing, and fume formation in the checkers and 
flues was so excessive that furnaces had to be taken oft 
for cleaning after only six More recent 
suggestions on the cause of refrac tory wear! indicate 


weeks, 


an almost linear relationship between wear and iron 
oxide deposition rate, both on silica and all-basic 
furnace roofs. In of the great benefits to the 
steel industry of a reduction in fume formation, and in 
addition, the Importance attached to 
reducing air pollution, it has been thought worth- 
while to present information collected over a number 
of years, even though it is realized that much of this 
is of an. ad hoc character. If this paper leads to similar 
experiments of a more controlled type it 
fully justified the effort involved, 


view 


Increasing 


will have 


TECHNIQUES USED FOR THE MEASUREMENT OF FUME 
CONCENTRATION 


The methods for 
into three distinct 


measuring fume concentration tall 
optical density methods 
impact probes, and extraction of gases from the system 
via a nozzle. For precise work the latter method is 
used, the being sampled 
it such a that they experience no 
velocity when entering the nozzle The 


LTOUps 


" 


isokinetically, i.e 


JASses 
rate change of 
data included 
in this paper were obtained by several methods and 
ipart from the BISRA apparatus, the methods used 
can only be considered as crude. The there 
such 
particles and the 
influence the 


results 


fore can only he taken as compal itive 
the size of the fume 
the gas 


collection efficiency 


Since 
variables 
velocity. of stream strongly 
The sampling of solids from the waste-: 
chimney where the temperatures are low 
investigated in detail by both BCI 
With care an the 


gas duct o1 
has been 
RA and BISRA.? 
accuracy of order of 10% is 


Manusx ript received 24 November 1958 
The author is Head of the 


United Steel ¢ ompanies Research and Development Labora 


Furnace Research Section at The 


tories 


totherham 


furnace 


Metallurgy 
Plant Operation 
Research 


C. Holden 


SYNOPSIS 
T ( hnique 8 


of sampling fume from the waste-qa duct or 
chimne y have now heen de relope dtoa standard which 18 
ade quate for routine measurements Other tee hnique 8 
ti the 
vl hu h 
nevertheless, extremely 
USE ful for mak tnd com pari ONS The results ohtained 8p 
far show that more produc ed with pite h creosote 
as the fuel than with oil. The quantity of the atomizing 


agent is 


have to he used for sampling in the dou ntake ) 
chamber and although the y give re ult 
are not correct ahsolute ly the y are 


fun 
um portant while the type of atomizing agent also 
Bath injection of oxryqen 


in the fuming rate and 
stantial differer 


appears to have some influence 
or air results ma larqe 


DHCTOCOASE 


there also appears to he a sub ce bet 
the quantities of 
practice. The 
appears to havea strong influence on the rate 
proposed hased On the 


surface layers 


een 
and cold-metal 
hath 


fume evolved in hot 
amount of carbon present an othe 
of fuming 
and a theory is 


On the 


solution of oxygen 


possible and it is doubtful whether a higher 
than this is required for routine purpose Result 
BISRA with their 
ire quoted. The prob 


ooled 


okinetically and deposited on a fibre 


from one furnace obtained by own 
sampling svstem 


vas made of 
stainless ay 


steel. not water and the LEnpte were 
ispirated 1 
filter 

If s ripole s are 


\ drawn from the tack th 
olle ted will he trongly influens ed by the 


ondition of the slag pocket, checkers, flu 
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2 leometric sketch of V-notch probe 


the presence or absence of a waste-heat boiler. Experi- 


ments have recently been carried out with a water- 
cooled probe which enables isokinetic sampling to be 
carried out even in downtakes. The probe is shown in 
Fig.1, the design illustrating some of the difficulties 
involved, The sampling nozzle must be long to avoid 
a disturbance being created upstream of the tip. The 
’ a water jacket has disadvantages. On their 
passage through the sampling tube the gases are 
cooled, causing a decrease in velocity. This means 
that the fume particles are more likely to be deposited 
along the tube due to gravity settling and thermal] 
precipitation. Also, if the are below 
their dew point, condensation will occur. To keep the 
velocity of the gases as high as possible the cross- 
sectional area of the sampling tube is decreased as the 
gases are cooled, whilst, to minimize the cooling, an 
air gap is provided between the sampling tube and the 
water jacket for most of its length. 

To study the effect of changes in furnace operation 
without the difficulties encountered in setting up an 
isokinetic sampling system in the downtake, an 
impact probe was designed (see Fig.2). This collects 
the fume by impact in a 120° V-shaped cavity placed 
across the stream of hot fume-laden gases. It can, of 
course, only be used where the direction of flow is 
downwards, the collected material being then held in 


use of 


gases cooled 


(a) Outgomg end 


3 Cross sections of alumina probe 8s after wae 


place by gravity. Unfortunately, the efficiency of 
collection of such a sampling device varies with 
particle size, its tendency being to collect more of the 
coarse material than the fine. With the estimated 
size distribution of fume from an OH furnace, the 
collection efficiency is only about 20%. A further 
possible disadvantage is that the results are a function 
not only of concentration but of velocity. 

A technique been developed? which 
enables the relative deposition rates of iron oxide on 
the furnace roof to be rapidly determined with a 
minimum of interference with production. It consists 
of inserting a series of sintered-alumina thermocouple 
sheaths through 4-in. dia. holes in selected roof bricks 
so that they protrude 2in. beyond the inner face 
Within a few minutes the probes become stained with 
iron oxide. Figure 3 shows, on the right, a probe 
from the incoming end and on the left, one from the 
out-going end of a furnace roof. Both probes were 
left in the furnace for 5 min, but whereas the iron 
oxide has soaked right through the probe placed at 
the outgoing end, the one placed at the incoming end 
is relatively clean. Quantitative values for the rate of 
deposition of iron oxide can be obtained by cutting 
off a measured length of the probe tip and analysing 
for total iron; normally the middle inch of the 2-in 
section is used for this purpose. 

To obtain continuous of the extent of 
fuming over a considerable number of heats a photo- 
electric smoke density meter has been used. This 


has also 


rect yrds 


4 ¢ om parison of the weight collected on a V-notch probe in the downtake and readings of a smoke density meter in the stack 
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S « omparison of total iron collected on the V-notch probe and 


total iron de posite d on an alumina probe in the roof 


consists of a lamp house and photocell built into the 
opposite sides of the furnace stack or some part of the 
waste-gas flue. A beam of light from the lamp house 
is directed across the stack and its intensity measured 
by a photocell. When the stack is clear the photocell 
vives its maximum signal but the value decreases with 
an increase in the amount of fume passing between 
the light source and the cell. The apparatus can be 
calibrated using neutral density filters so that it 
vives a reasonable measure of the attenuation of the 
light. However, since the obscuration by a given 
mass of dust depends on the particle size the measure- 
ments obtained with the smoke density meter can only 
be used as a qualitative estimate of the amount of 


dust passing the measuring point. 
During several trials attempts have been made to 
see whether the results obtained by the different 


methods show the same pattern of events. During 
earlier trials on a pitch-creosote furnace eleven 
samples were taken from the downtake with the V- 
notch probe. Figure 4 shows the rate of deposition of 
material on the probe plotted with reversal averages 
of smoke density meter readings obtained simul- 
taneously. There is fair agreement except during 
refining when droplets of slag are blown over which 
would not be expected to reach the stack where the 
smoke density was being measured. A second trial 
was also carried out with this probe during which 31 





nd 
MITT TI TITOTTOO07 —-9 0 0 OO 


eve 


Diagram showing position of equipme nt relative to stack 
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7 Smoke density v. dust concentration 


samples were taken from one downtake only during 
charging and melting. As far as possible, two samples 
were taken during that changes 
during reversals could also be examined. The weights 
of the probe samples were in reasonable agreement 
with the smoke density meter readings although 
there was a tendency for the smoke density meter to 
read low when the particle size of the probe sample 
When an approximate correction was 
made for the coarseness of the material collected the 
agreement with the smoke density meter was much 
better. 

The agreement between total iron collected with a 
V-notch probe and simultaneously with an alumina 
probe inserted in the roof has also been tested. This 
particular experiment was carried out on an oil-fired 
furnace and, as can be seen from Fig. 5, the peaks of 
both curves coincide, both registering the highest 
fuming rate just after the end of the charging period 
However, the iron content of the material reaching 
the roof was higher during charging than refining, 
the V-notch showed the 
This is probably because the iron oxide 
fume is fine and the efficiency with which the V-notch 
probe collects this is low, whereas slag particles are 
almost invariably coarse, and are mostly collected 
by the V-notch probe, but are unlikely to reach the 
roof. 

tecently measurements have been made on an oil- 
fired furnace to determine the fume content of the 
waste gases in the chimney stack and also to check 
how closely the smoke density meter used in previous 
trials agreed with gravimetric samples 
simultaneously by BISRA.* Figure 6 the 
positions where the equipment was installed. Before 
use the smoke density meter was calibrated over the 
whole of its range by neutral density filters so that it 
read the obscuration of light to an accuracy of 1%. 
A record of smoke density was obtained during eight 
consecutive heats. Strong similarity was found 
between the pattern of events during the different 
heats: the majority of the fuming took place between 
charging and melting periods, and on one occasion 
obscuration reached a level of 97%. During refining 
the smoke density was almost steady at a 


The 


between 25-30°, 


each reversal so 


Was coarse. 


whereas probe samples 


reverse 


obtained 
shows 


level of 


obscuration fume was also 
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(a) Carbon content of bath, 0-37% 


nt of bath, O-1L1°,, 45 min ¢ 


ein OH furnace during oxygen blou 


sampled isokinetically at a point about 10 ft down 


stream from the smoke density meter. Concentrations 
determined from these gravimetric s iumples have been 
plotted against obscuration in Figs.7a and 6. It can 
be seen that a very good correlation was found for the 
that during the 
refining period, there was no correlation at all. This 
sugvests that the parte le size is more variable during 
the refining 
parti le 


charging and melting periods, but 


period, but since no measurements of 


size were made this explanation is merely 


conjectural 


FACTORS AFFECTING FUMING 
Oxygen lancing 


One of the most striking cases of iron oxide fuming 
occurs When oxygen is injected into the bath during 
the period \nvone standing outside the 
melting shop is soon aware that blowing has begun by 
the large quantities of red-brown fume given off from 
a stack that previously emitted little visible material 


refining 


Several years ago some experiments were m ide to see 
the effect of oxvgen and air injection on the rate of 
carbon removal in a cold-charged OH furnace fired 
with oil. During oxygen injection dense iron oxide 


fumes were produced. When air was used there was 


also heavy fuming but much less than with oxvgen 
injection. This difference in fuming rate could be seen 


through the furnace doors as well as 
from the appearance of the plume from the chimney 
stack, 


quite clearly 
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It was also noted during these trials that as blowing 
proceeded and the carbon content fell the fuming 
decreased. Figure 8 shows two photographs taken 
through the door of the furnace during the same 
blowing operation. In (a) the carbon content was 
0.37%, whereas in (6) taken three quarters of an hour 
later, the carbon content was only 0-11°%. It can be 
seen that there is markedly less fume when the carbon 
content of the bath has fallen. However, the amount 
of fume produced did not appear to be a function of 
carbon content only, since in different casts different 
amounts of fume were formed even when the bath had 
the same carbon content. 

Recent measurements on a hot-metal shop,® also 
showed this tendency for fuming to 
blowing of oxygen proceeds. The tests, unfortunately, 
only included one blowing period of an hour when 
oxygen was blown through hand lances at the rate of 
35 000-40 000 ft3/h. During this limited period, iso 
kinetic sampling showed that the weight of dust 
leaving the chimney stack dropped from 480to4601b/h. 
The experiment was made during melting when, with 
normal operation, the weight of dust leaving the 
chimney stack, calculated on the basis of only a few 
samples, would be about 40 |b h. 


decrease as 


Type of fuel 

During the late 1940's firms 
converting their furnaces from producer-gas to pitch 
creosote firing a great deal of trouble was experien ed 
from excessive iron oxide fuming. 
iron oxide were carried over into the downtake and, in 
many cases, furnaces had to be taken off after only 
six weeks operation to clean out the bottoms of the 
checkers and flues. During this period a 
experiments carried out on two S80-ton 
charged fixed furnaces fired with pitch creosote. 
continuous record of the extent of 


when several wert 


Large amounts of 


series oT 


eold 


was 


‘| oO obtain a 





fuming over a large number of heats a photoelectric 
smoke density meter was built into the chimney stack 
of one of the furnaces. It was hoped that the results 
would enable the group to ascertain whether there 
was a definite pattern of events, e.g. did fuming 
always occur at the same stage and was it associated 
with some particular roof temperature or some 
particular charged material. Figure 9 shows a 
typical record obtained with the smoke density 
meter during a pitch-creosote heat. The characteristic 
fuming peak just after the end of the charging period 
can be clearly seen. Figure 10 shows the results 
obtained on a large number of heats firing with pitch 
creosote and with oil, and illustrates the difference 
in fuming rates. 

During these trials samples were also collected 
from the downtakes by means of the V-notch probe 
and one set of measurements is shown in Fig.4 


Chemical analysis confirmed that the chief cause of 


choking of the slag pockets and checkers was excessive 
iron oxide carry-over, mainly Fe,0,, though most 
samples contained some FeO and some contained 
smal] quantities of Fe,O,. 

The effect of pitch creosote (pc) on fuming was 
also studied on 300-ton hot-metal furnaces where it 
was used in conjunction with coke-oven gas. Nor- 
mally the ratio of pe to coke-oven gas was | : 3 ona 
thermal] input basis, but during these trials the effect 
of switching off the pe altogether, while keeping the 
heat input constant, was examined. The effect 
of this experiment on the fuming rate was measured 
using the alumina probe technique and in all 25 pairs 
of observations were made with pe ‘on’ as against pe 
‘off’. It was found that when pe was used with the 
coke-oven gas there was about three times (3-2) as 
much iron oxide deposition on the probes as there was 
without pitch creosote. 

During this series of tests the effect of 30 000-40 000 
ft?/h of combustion oxygen was also studied. It was 
found that combustion oxygen reduced the amount 
of fume collected by a factor 2-5. 

During the past few months the author’s group has 
been trying to measure the collection efficiency of 
slag pockets. The few results obtained again illustrate 
the difference, in quantity of material carried over, 
between pe and oil-firing. Figure 11 shows the rate of 


variation in 


10 Comparison of pitch 
density throughout the 


creosote and ou, smoke 


cast cycle 
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Slag de pth v. time 


fired furnace 


rise of the slag level in two furnaces, one fired with 
pe and the other with heavy fuel oil, which illustrates 
this. It was estimated that about 50°, of the total 
solids burden in the waste gases was collected by the 
slag pocket. As the final leve! of the slag is usually 
within 2 ft of the top of the slag pocket it is surprising 
that the rate of deposition in the slag pocket was 
uniform indicating that the efficiency of collection 
did not decrease during the campaign. An examina- 
tion of the slag heights of five furnaces fired with pe 
compared with seven furnaces fired with heavy fuel 
oil showed that the slag pockets of the pe fired 
furnaces collected about 
heavy fuel oil fired furnaces. However, a comparison 
of the relative rates of flow of material in the down- 
take indicated that the 
burdens for pe and oil-fired furnaces were in the ratio 
of about 1-75: 1. This suggests that the slag pocket 
collection efficiency for a pe fired furnace is less than 
for an oil-fired furnace, probably because the particle 
size of the dust burden with pe is generally smaller. 


1-4 times as much as the 


relative waste-gas_ solids 


Steam fuel ratio 


The effect of varying the steam/fuel ratio was exa- 
mined on an 80-ton cold-charged furnace fired with 
pe. A series of tests was carried out during two heats 
in which the steam /fuel ratio was studied alternately 


at 7 lb/gal and 51b/gal during each reversal. ‘Two 
samples were taken with the V-notch probe during 
each reversal, one with the high and the other with 
the low flow. The trials 
because in all cases but one the change from low to 
high steam flow reduction in the 
deposit obtained in spite of an burner 
thrust 

Similar trials were also made on a 300-ton hot-metal 
furnace fired with a mixture of pe and coke-oven 
The deposition rate on alumina probes inserted 
through the roof used as an the 
amount of fume evolved. Increasing the steam pitch 
ratio from 7: | to 10: 1 reduced the fuming by about 
40°... The effect of the same variations in steam flow 
was examined with coke-oven gas only, although it is 


steam were encouraging 
gave a significant 


increase In 


VAS 


was indication of 


realized that steam would not normally be used in 
conjunction with coke-oven gas It 
however, to note that the higher steam fuel ratio gave 
30°, less fume than the lower one. 

It would therefore, that method of 
increasing the rate of combustion either by the use of 
oxygen or increasing the steam fuel 
ratio will help to reduce fuming 


was interesting 


appear, any 


combustion 
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TABLE { Comparison of iron oxide deposits of 375 gal/h 


single burner and 500 gal/h twin burners 


TABLE ti Comparison of iron oxide deposits for 100-ton 


cold-charged and 300-ton hot-metal furnaces 





Deposition rate on probe, 
g of iron x 10* /in./min 


Deposition rate on probe, 
10* /in./min 


g of iron x 





Peak fuming rate 
Areas of excessive wear 
(a) 375 gal/h 
(6) 500 gal/h 
2 Areas of normal wear 
(a) 375 gal/h 
(b) 500 gal/h 





General level of fuming, late 
melting down and early refining 
l Areas of excessive wear 

(a) 375 gal/h 

(b) 500 gal/h 
2 Areas of normal wear 

(a) 375 gal/h 

(6) 500 gal/h 


Peak fuming rate 

l Areas of excessive weal 
(a) 300-ton hot metal 
(6) 100-ton cold metal 

2 Areas of normal wear 
(a) 300-ton hot metal 
(6) 100-ton cold metal 





General level of fuming, late 
melting-down and early refining 
1 Areas of excessive wear 

(a) 300-ton hot metal 

(6) 100-ton cold metal 
2 Areas of normal wear 

(a) 300-ton hot metal 

(b) 100-ton cold metal 





Fuel quantity 

An attempt has been made to evaluate the effect of 
fuel quantity by comparing two similar 100-ton cold- 
charged furnaces in the same melting shop and work- 
ing to essentially the same programme. Both were 
oil-fired, one with a single burner at a maximum 
rate of 375 gal/h and the other with twin burners at 
500 gal/h. Table I shows typical values for the rate of 
deposition of iron oxide on an alumina probe, expressed 
in units of iron per inch of probe, for these furnaces 
under various conditions. 

These represent the averages of many readings but 
even so because of traces of iron already present in the 
probes the accuracy for the small deposits is not 
better than 10°. It can be seen that when firing 
with 500 gal/h with twin burners almost six times 
more iron oxide is deposited on the probes during 
peak fuming than when the furnace is fired at its usual] 
rate of 375 gal/h. It may be, however, that the flow 
pattern across the bath is, as might well be expected, 
an influential factor in determining the deposition rate 
of iron oxide at the roof so that twin burners may 
themselves be partly responsible for the increase in 
iron oxide deposition. 


Type of practice 

In hot-metal practice the proportion of pig iron 
used can be more than double that in cold-metal 
practice, and this may be an important factor in 
deciding the differences in fuming rate. There are 
»bviously other differences in the way the furnace is 
fired and the way the charge is worked and these may 
also he important 


Over the past few years a considerable number of 


iron oxide samples have been collected by the alumina 
probe technique from 100-ton cold-charged furnaces, 
oil-fired by a single burner at 375 gal/h, and from 
300-ton hot-metal furnaces, fired with twin burners 


with 125 000 ft8/h of coke-oven gas and 120 gal/h of 


pe. Both types of practice give a fuming peak: on the 


cold-charged furnaces it occurs at about the end of 


charging, whilst with hot-metal practice it 
towards the end, or just after, the first addition of 
hot metal. The results obtained with these two types 
of practice are compared in Table LI. 

It can be seen that during peak fuming on the hot- 


occurs 
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metal furnace an area of excessive wear receives iron 
oxide, expressed in units of iron per inch of probe, at 
the rate of 0-03 g/min. This is four times the rate of 
deposition experienced in a similar position on a cold- 
charged furnace fired at the usual rate of 
However, the results in Table I suggest that the 
extent of fuming also depends on firing rate, but 
even so the general level of fuming with hot-metal 
practice was considerably higher than that measured 
with cold-metal practice with either fuel input. 
Another factor which makes the comparison difficult 
is that the hot-metal furnace was fired with a propor- 
tion of pe which, as has already been pointed out 
accentuates fuming. 


375 gal/h. 


Effect of metalloids 
In the OH furnace the rate of fuming decreases as 
the carbon in the bath is reduced. For example, peak 
fuming always occurs when the carbon in the bath is 
high; at the beginning of the refining period in hot 
metal practice or during early melting-down in cold- 
metal practice. Also during bath injection of oxygen 
it was noted that as blowing proceeded and the car 
bon content of the bath fell the rate of fuming 
decreased. The effect of carbon and other metalloids 
on the formation of fume has, therefore 
amined by BCIRA® and ourselves, and more detailed 
work is at present being carried out by BISRA. The 
results obtained by BCIRA are presented in Table II. 
wo grams of each specimen in the form of drillings 
were heated in a combustion tube to a temperature of 
1 180°C and a stream of oxygen was then passed ove 
them. The silicon, phosphorus, and sulphur alloys 
were substantially free and produced a 
negligible amount of fume, whereas the sample 


been ex- 


carbon 


cone 


TABLE Ill Effect of metalloids on fuming 














TABLE IV Effect of metalloids and temperature on fuming 
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Sample Fume 


% Main alloy Temperature, 
C: 








Ferro-phosphorus 27°2%P 1100 Nil 
Ferrosilicon 75%Si ‘ Nil 
Swedish white iron 


Graphitized chill iron 


Mild steel 
brown 


Dense brown 
Light brown 


Short, light 


Temperature, Fume Temperature, Fume 


1 200 Light white 1300 Light white 


Nil Nil 


Dense brown Medium brown 


Dense brown Medium brown 


Short, light 5 Short, light 


brown brown 





taining 3-9°%, of carbon and only a small proportion 
of other elements produced dense brown fumes. This 
work has been extended in an attempt to evaluate 
the effect of the temperature of the sample as well as 
its analysis. 

Table IV summarizes the first results obtained 
with ferro-alloys at 1 100°, 1 200°, and 1 300°C. 

Again only the alloys containing carbon gave any 
noticeable fume. The most noteworthy result was 
the difference in fuming observed between Swedish 
white iron and graphitized iron at the lower tempera- 
ture. This may have been because the carbon in the 
white iron is in the combined form, whereas in 
graphitized iron it is, for the most part, free carbon. 
However, the graphitized iron contained 1%Si and 
it may be that this in some way helps to suppress 
fuming. The absence of fume from the ferro-alloys 
may be due to the metalloids being oxidized in 
preference to the iron, or it may be that the alloying 
element forms a slag which protects the iron from the 
oxygen. In the case of the ferro-phosphorus a protect- 
ive slag may have been formed from reaction products 
with an alumina boat which was severely attacked. 
Eleven other samples containing varying amounts of 
carbon and other elements have now been made for 
United Steels by BCIRA and more closely controlled 
tests are being carried out on these. 

BISRA?’ have also investigated the influence of 
metalloids and found that molten iron or iron alloys 
containing no carbon produced no fuming when held 
in a stream of oxygen, whereas with molten iron 
carbon alloys fumes were evolved. 

PHYSICAL CHARACTERISTICS OF OH FURNACE FUME 
As has already been stated fuming almost invariably 
occurs in cold-metal practice at the end of the charg- 


ing period when the scrap is beginning to melt, and in 
hot-metal practice at about the end of the first hot 


re 4 


ving urth roof tempera 


metal addition. This that there is 
critical temperature associated with heavy fuming 
To check this a considerable quantity of data was 
collected during eight consecutive days’ observations 
on a cold-charged, pe fired furnace. It was found that 
the heavy fuming always occurred within a 
narrow range of roof temperature. It 
from Fig.12 that no heavy fuming was observed 
below 1 550° or above 1 630° C and in 11 of the 16 
cases examined it occurred between 1 570° and 1 600° C, 
It would appear, therefore, that the temperature 
range in which peak fuming occurs is very small indeed 
Of these 16 cases of peak fuming 14 took place between 
the main charge of pig iron and the next round of 
charging and Fig.13 shows these 14 plotted against 
the time which had elapsed after the pig iron had been 
charged. It can be seen that in the majority of cases 
heavy fuming occurs between 45 and 90 min after the 
main pig charge; only two occur outside that range 
It can be stated, therefore, that heavy fuming is 
not likely to take place with the roof temperature 
1 550° or 1 630° C and that it is 
likely to occur 3-1 $h after the main burden of pig iron 
has been charged. It may that these 
two factors are interrelated and that one of them is 
incidental 

Kohlmevyer,’ investigating the effect of blowing air 
and oxygen on iron-carbon melts, did in fact tind that 
fuming did not start before the 
temperature of 1 170°C, ie. just above the melting 
point of the iron carbon melt and was at 4 maximum 
at about 1 400°C. When the temperature of the melt 
exceeded 1 500°C fuming The 
these laboratory experiments and the works data 
suggest therefore that heavy fuming is most likely to 
occur when the bath temperature is about | 400 ¢ 


The the 


suggests sonic 


very 


can be seen 


below above most 


be, however 


surface was at a 


ceased evidence of 


structure of fume may provide 


SOme 
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Heavy fuel oil firing 


14 Samples collected during the charging period 


evidence of the way in which it has been formed. Many 
samples have therefore been collected with the V- 
notch probe for chemical and physical examination. 
One of the advantages of the V-notch probe is that the 
material collected is immediately chilled and therefore 
has little chance to agglomerate, and also, it is not 
mixed up with glass- or asbestos-fibre so that examina- 
tion of individual particles is reasonably easy. Figure 
14 shows two such samples, collected during the 
charging period, one from a furnace fired with heavy 
fuel oil and the other from a pe fired furnace. It was 
found that, in general, the samples collected when 
firing with fuel oil were coarser than when firing 
with pe. For heavy fuel oil the particles varied from 
150 uw (0-15 mm) downwards with very few particles 
below 25u. On the other hand with pe very few 
particles were larger than 100 and the majority 
were below 50 u. Figures 15 and 16 show cross-sections 
of individual particles, collected during the charging 
period, under a high magnification. In general it was 
found that the particles collected from the oil-fired 
furnace were composed of a primary solution of 
magnetite in hematite (Fig.l5a), with occasional 
particles of hematite (Fig.156), while from the p 
fired furnace separate particles of magnetite and 
wiistite (Fig.l6a) were obtained. This difference in 
composition is probably because in the pr tired 
furnace the atmosphere was more reducing than 
in the oil-fired furnace. It can also be seen. Fig.164 is 
an outstanding example of this, that when firing with 
pe the particles were much more porous than when 
firing with oil 

Several of the samples collected from the stack by 
BISRA were also examined on the electron micro- 
scope and Fig.17 gives four typical examples of the 
photographs obtained. The particle shapes examined 
fell into two categories: spherical or polyhedral, which 
included rods, cubes, and hexagons. The size distribu- 
tion of the fundamental particles, as distinct from 
agglomerates, varied among the samples taken at 
different stages of the heat. During charging and 
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(a) Particles of magnetite and wiistite 


16 Fume collected during late charging, pit h-creosote 


firing 


refining all particles examined were in the range of 
about 0-2-1-0 4. This was also a predominant range 
at other stages of the heat, but there were some very 
tine particles down to 0-01 u during the peak fuming 
period, which occurred at the beginning of the melting 
down period, and some larger particles up to Sy 
during peak fuming and the late 
period. 


melting-down 


CONCLUSIONS 
The amount 
to have a 


of carbon present in the bath 
strong influence on the rate of 
Experiments in the laboratory confirm this 
The ty pe of fuel also appears to have an effect and 
again carbon may be the influential factor; pe, which 
contains more carbon than fuel oil, giving more fume 
Increasing the rate of combustion either by the use of 
a higher 


appears 
fuming 


steam oil ratio or combustion oxygen, 
the fume. This might be attributed to a 
reduction in the amount of free carbon in the flame. 

Heavy fuming usually occurs at about the end of 
the charging period. With cold-metal practice the 
roof temperature at this time is about 1 600° C and 
the charge temperature is estimated to be 150-200°C 
With hot-metal practice it Is estimated that 
fuming occurs when the bath temperature is higher 
than 1 300°C, 
that 


( harge, 


reduc cs 


lower. 


Laboratory experiments also suggest 
critical temperature the 
1 400° C, at most 


there is a range for 


around which fuming is 
pronounced 
Because of the bath temperatures involved the 
vapour pressure of iron is too low to account for the 
quantity of fume evolved even if allowance is made 
for the increased vapour pressure of the droplets just 
above the surface of the bath. Kosmider, however, 
has postulated that fuming during Bessemer blowing 


can be attributed to the evaporation of iron, the 
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b) Single hollow particle of wiistite 


high rates of evaporation being explained on the 
basis of very high local temperatures 

There are many other cases of unexplainable losses 
of metals, 
cannot be 
vapour 


which 
the 
been shown 
that an intermediate compound, e.g. Ag,O, AuCl 
having an abnormal volatility, is responsible. It is 
not easy 


for instance, silver, gold, or silicon 
accounted for by the 
pressure. In these cases it 


magnitude of 


has 


to detect these intermediate compounds 
because they may 
secondary years ago 
Kohlmeyer® put forward a theory to try to ¢ x plain the 
results of his 


r ondensation 8) | 
some 


disso¢ late on 


enter into reactions 


laboratory He assumed 
the existence of iron carbonyl, FeCO, formed by 
combination of FeO with Ke of The FeCO thus 
formed unstable, would immediately break 
down in the furnace to form carbon monoxide and iron 
vapour which then 
oxide fume However 


experiments 


being 


be oxidized to form 
Kohlmeyer 
evaporation when carbon monoxide was blown on to a 
the 1 300-1 460° if 
iron carbonyl is readily formed in this temperature 


would iron 


observed no 
melt in temperature range 
range then some evaporation must be expected and 
in the absence of a satisfactory explanation of this 
the validity of the theory be in doubt. Other 
workers have propose da fluoride theorv in which the 
is volatilized from the fluoride 
which is then decomposed falls down 


must 


bath as an iron 
This 


because most of the fuming occurs well before fluorspar 


iron 


theory 


is added to the bath and also occurs when fluorspar 


Is not used at all 

In the case 
that iron and 
much more volatile than pure iron. It is 


of the fuming of iron it could well be 


certain combinations of wustite are 
well known 
that the solution of impurities in a liquid 
and that as the 


decreases the Vapour pressure increases It has 


lowers its 


surface tension surface tension 


also 
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« 


(a) Charging 


Late melting-down 


17 Electron microscope photographs of fume collected from the 


been found that small amounts of oxygen markedly 
lower the surface tension of liquid metals and in the 
case of iron an addition of 0-1 wt-°,O, reduces the 
surface tension by over 40°. 
with the 
will, however, only 


This decrease of surface 
tension 
pressure, 


consequent mnecrease in 
occur for oxygen in 
solution and when a compound is formed, e.g. Fe,O,, 
the vapour will certainly 
This may explain the importance of carbon in that 


it is constantly combining with the iron oxide formed 


V pour 


pressure most decrease. 


on the surface producing a layer of a lower oxide 


content with a higher vapour pressure. It may also 
be significant that the critical temperature given by 
Kohlmeyer is, in fact little higher than the 
melting point of wiistite. The production of a more 


oxidizing atmosphere close to the bath by the use of 


just a 


higher steam /oil ratios or combustion oxygen, may also 
be explained in that it increases the oxidation rate at 
the surface beyond the critical value. This, therefore, 
is a possible, though probably not the only theory 
explaining all the facts. Whatever be the mechanism 
of fume formation there is no doubt that it can be 
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(6) Peak fuming 


1) Refining 


stack of an oil-fired furnace 


substantially reduced by improving combustion con- 
ditions. 
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A study of the solution rate of iron in 
liquid bismuth from a number of ferritic steels 


L. W. Graham, B.Sc., Ph.D., L.1.M., and G. W. Wilson, B.Sc., Ph.D., A. Inst.P. 


INTRODUCTION 


ONE OF THE MAJOR DIFFICULTIES associated with the 
use of many liquid metals as heat transfer media is the 
finite, though small, temperature-dependent solu- 
bility of most container materials! at temperatures in 
the range 400-600°C. Thus, as indicated in previous 
papers,!~ steels used in experimental heat exchanger 
systems suffer from attack and mass transfer by liquid 
bismuth, particularly under the temperature gradients 
existing in such environments. It appears possible that 
this attack can be reduced to acceptable limits by 
adding inhibitors, particularly zirconium, to the liquid 
metal.?: 4 

The rate of solution of the solute is one of the major 
factors controlling the behaviour of steels containing 
liquid bismuth under non-isothermal conditions. The 
present investigations were undertaken to measure this 
rate for iron, chromium, and nickel from a number of 
steels at 550°C. Two series of experiments were carried 
out, the first with a range of steel compositions as in 
Table I and using pure liquid bismuth, the second 
using one steel, and bismuth containing zirconium 
after pretreatment of the steel with bismuth-zircon- 
ium. 


MATERIALS 

The specimens were machined from normalized and 
tempered steel bar and for experiments using pure 
bismuth were in the form of cylinders 0-25 in. dia. 
and 0-75 in. long. Investigations using bismuth 
containing 200 ppm of zirconium were carried out 
using steel crucibles 0-30 in. dia. and 0-80 in. long, 
with a cavity 0-25 in. dia. and 0-75 in. deep. 

To reduce the oxygen in the bismuth to a very low 
level, the metal was vacuum melted, soaked at 550°C, 
cooled to 300°C, and filtered. Zirconium was dissolved 
in some of the bismuth during this treatment, subse- 
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TABLE | Composition of steels examined 





Composition determined by analysis, 
Firth-Brown 
reference Cc " Mo \ W 


MOVAI 
CRMO 
CRM6 

CRM5 
CHROMVA-W 





SYNOPSIS 
A series of experiments measuring the rate of solution of 
iron from five ferritic steels in liquid bismuth at 550°C is 
described together with an investigation of the effect on 
this solution rate of 200 ppm of zirconium added to the 
liquid metal. Mechanisms explaining the reduction in 
the solution with 


content of the steels and also the decrease in solution rate 


rate observed increasing chromium 
and apparent solubility in bismuth containing zirconium 
are proposed. In the former case the solution rate appears 
to be governed by the rate of passage of solute atoms 
The effects of the zir- 


conium appear to be consistent with either a reduction 


across the solid/liquid interface. 


in the actual solubility of iron in a bismuth-zirconium 
solution or the formation of a compound layer on the 
steel surface. 1613 
quent filtering being carried out at a higher tempera- 
ture, i.e. 400°C. Samples were taken from three 
portions of each rod and analysed for iron, chromium, 
nickel and, where applicable, zirconium. The results of 
these analyses are indicated in Table IT. 


Experimental techniques 

The steel samples and the bismuth were sealed in 
evacuated Pyrex capsules, the amount of bismuth 
employed in the experiments where it contained no 
zirconium being standardized at 10-00+0-01 g and 
for the zirconium containing bismuth at 5-60--0-01 g. 
The capsules were constructed to allow vacuum out 
gassing at 500°C before sealing, without allowing 
contact between the liquid metal and the steel. The 
construction of the furnace in which the interaction 
between the steels and the bismuth was carried out 
allowed six capsules to be reacted simultaneously 
each capsule being seated in an appropriate position in 
a split copper block. In practice the reactants were 
brought up to temperature, 550+3°C, and were then 
contacted by inverting the furnace, the reverse pro- 
cedure being adopted to separate the reactants after 
any desired period of time. The steel cylinders were 
held below the surface of the bismuth during reaction 


TABLE It! Composition of bismuth used in experiments 
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(a) Capsule used in tests with pure bismuth 

(6) Capsule used in tests involving bismuth-zirconium 
(c) Furnace arrangement 


Experimental technique 


by means of a constriction in the Pyrex capsule. The 
experimental technique is shown in Fig.1. 
In the experiments using zirconium containing 


bismuth, the Pyrex had to be prevented from contact- 
ing the liquid metal with which it slowly reacted. In 
this case therefore, the glass was shrunk on to the 
steel crucible so that the liquid metal was prevented 
from touching the glass except for brief periods at the 
beginning and end of each experiment. Pretreatment 
of the inner surface of the steel was carried out by 


reacting it with a standard amount of bismuth 


) ) 
2 Solubility of iron in bismuth 


zirconium for 72 h at 550°C and then separating the 
reactants, cooling down, and remaking the capsule 
with a fresh supply of the alloy. 

After removal from the capsules the bismuth ingots 
were analysed, the whole of the sample being dissolved 
to preclude any error due to sampling. 


Experimental results 

The solubility of Armco iron in liquid bismuth has 
been reported by workers at Brookhaven National 
Laboratory.” To check the technique adopted in the 
present work the solubility of iron (mild steel) in 
bismuth was determined in the temperature range 
300-600°C. The results are compared with the US data 
in Fig.2. 

The results concerning the solution rate of iron from 
the steels examined in pure bismuth are presented in 
Fig.3. Within experimental error the limiting iron 
concentration attained was 25 ppm in all 
although it is evident that increasing the chromium 
content of the steels up to 5% results in a marked 
reduction in the rate of solution of the iron. The 
solution-rate curves for the iron appear to conform to 
an equation identical to that used for analysing the 


cases, 








ion rate of iron in pure 
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4 Solution rates in pure hismuth, A. and in bismuth contain 
solution rate of copper in liquid bismuth and liquid 
lead.° 

Ba = #, (i 


exp — kst/v) 


where NV, — concentration after time t, N= satura- 
tion concentration, s 
contact with liquid, v 
tion-rate constant. 

In the case of the experiments using MOVAL steel 
crucibles the technique was first checked by using 
pure bismuth, the results thus obtained and those 
measured in bismuth containing zirconium after pre- 
treatment are shown in Fig.4. In the latter case not 
only is the solution rate decreased but also the 
apparent solubility of the iron in the bismuth, thus 
even after 160 min the solubility is about 10 ppm as 
compared with 25-+-1 ppm using pure bismuth. The 
results in Figs.3 and 4 have been analysed in terms of 
the equation giving the values of the solution rate 
constant k presented in Table II]. The difference be- 
tween the value found for MOVAL in pure bismuth 
using the two different types of specimens is almost 
certainly due to errors in the values assumed for the 
surface area of the specimens as no account was taken 
of surface roughness. 

All the values obtained for the nickel and chromium 
contents found in the bismuth after separation of the 
reactants lay in the range 3+-3 ppm. Although it is 
not possible to state whether the constituents are 
removed from the steels in stoichiometric proportions 
it is evident that marked preferential solution of these 
elements does not occur during reaction times suffi 
ciently prolonged to allow the iron to reach the equili 
brium concentration 


0 
surface area of the specimen in 


volume of bismuth, k= solu- 


TABLE Iti! Experimental values for solution-rate constant k 





Material Form of specimen Liquid metal k, em/s 
si 


MOVAI lid rod Pure bismuth 2 10 
CRMO o os = ” ‘ 10 
CRM6 a = . °9 10 
CHROMVA-W = ms = os ) 10 
CRM5 9 9° ” ” 10 
MOVAI rucible o 9” 10 
MOVAI 7 lo-4 





after pretreatment, B 


DISCUSSION 


In general, the rate of solution of a solid in a liquid 
can be controlled by either (a) the rate at which solute 
atoms diffuse from the liquid boundary layer into the 
bulk of the liquid, or (6) the rate at which atoms pass 
from the solid into this liquid boundary layer 

If (a) is the rate-controlling step then the solution 
rate constant k= D/d, where D is the diffusion coeffi 
cient of the solute in the solvent and 4 is the thickness 
of the laminar boundary layer.* If (6) is the 
controlling process then k pn./N,, where V is a 
frequency factor and n, is the number of atoms per 
unit area of specimen surface, N, is the saturation 
concentration. 

Ward and Taylor® concluded that 
in their experiments controlled by 
a) combined with effects 
duced by density changes occurring in the liquid 
accompanying this dissolution 
in the present work is almost identical to that used by 
these authors and the results for iron from the five 
low-alloy steels in pure bismuth conform to the same 
equation. However, it is difficult to reconcile results 
reported here with rate-controlling processes involving 
diffusion through a laminar boundary layer 

The experiments described show that the solution 
rate of the iron is markedly decreased as the chromium 
content of the steel increases 


rate 


oO 


the rate of 
solution was 


process convection intro 


The technique used 


even though the satur 
ation concentration remains unchanged and the actual 
chromium content of the steels is small. It is therefore 
suggested that the decrease in the solution rate of the 
iron is due to either an interaction between the iron 
and chromium atoms in the solid which increases the 
energy required for atoms of the former to pass into 
solution, or the presence of oxide films on the speci 
mens. The change in the nature of this oxide film with 
chromium content of the steel might account for the 
the the 
by increasing proportions of 


observed change in solution rate due to 
stability 
chromium in this surface oxide 

The preceeding discussion has been confined to 
solution rates in pure bismuth. In the case of bismuth 
containing zirconium Fig.4 suggests that the satura 


tion concentration NV, and the solution rate of iron | 


0 


imparted 
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However, Table III indicates that this 
reduction is accompanied by little, if any, significant 
change in the solution-rate constant provided that the 
apparently reduced value of N, is used in its caleu- 
lation. It is therefore suggested that the pretreatment 
of the steel specimens and the presence of zirconium 
in the bismuth does not appreciably affect conditions 
at the steel/liquid metal interface. In this case it is 
probable that the observed reduction in iron con- 
centration is due to the influence of zirconium on the 
actual solubility of iron. 


decreased. 


Additions of manganese or of nickel to solutions 
of uranium in bismuth are known to reduce the 
magnitude and temperature dependence of the 
solubility of uranium in bismuth.’ This is due to a 
decrease in the entropy and heat of solution of the 
uranium in the liquid metal. However, the apparent 
decrease in solubility of iron in the presence of zircon- 
ium observed in the present investigation is many 
times greater than is the case with bismuth—uranium 
solutions with similar quantities of added elements. 

The effect of additions of zirconium to bismuth in 
inhibiting attack and mass transfer in non-isothermal] 
heat transfer systems is reported to be due to the 
formation of a very thin film of zirconium nitride on 
the steel surface.*»* If, however, such a film were 
formed during the course of the present work it would 
be expected to cause a considerable change in the 


solution-rate constant. Alternatively, if only parts of 


the steel were covered with zirconium nitride the 
apparent solution rate would be expected to decrease 
due to the decreased effective surface of the specimen 
and in the absence of any other mechanism the 
equilibrium solubility of iron in the bismuth—zirconium 
solution would not be reduced since the liquid metal 
would still be in contact with the steel although over a 
reduced surface area. It is possible, however, that the 
presence of areas of film may account for the scatter 
observed for some of the measured iron concentra- 
tions. 

US workers? propose that the formation of the 
inhibiting film is preceded by the formation of an 
adherent surface deposit of an iron-zirconium inter- 
metallic compound. Two compounds are known in the 
system: Fe,Zr and Fe,Zr. However, their experiments 
with a button of Fe,Zr compound showed that both 
components dissolved to their normal solubility limits. 
Despite this, the result of the present work may 
possibly be due to the formation of a film of inter- 
metallic compound on the surface of the steel, possibly 
Fe,Zr stabilized in some way by the bismuth which is 
known to be capable of forming at least one inter- 
metallic compound with zirconium. The maximum 
iron concentration of 10 ppm found during most of 
the experiments would then represent the equilibrium 
concentration of iron from this compound in bismuth 
containing zirconium at 550°C. 


The present investigations were carried out at only 
one temperature. Their extension to other tempera- 
ture ranges would enable the mechanism controlling 
the dissolution of the iron to be more fully assessed. 
Thus, if the activation energies found in the experi- 


ments with both bismuth and bismuth—zirconium 
were the same this would support the theory that the 
zirconium does not appreciably affect the steel /liquid 
metal interface. 
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CONCLUSIONS 


The phenomena observed in the experiments de- 
scribed can be divided into two parts: 


(i) the rate of solution of iron from a series of five 
ferritic steels of varying chromium content and also 
the associated solution-rate constants decrease with 
increasing chromium concentration although the 
equilibrium solubility of iron is the same in all 
cases 

(ii) the rate of solution of iron into bismuth contain- 
ing 200 ppm zirconium from one selected steel after 
pretreatment with bismuth-zirconium is reduced 
and so is the apparent equilibrium solubility of the 
iron. However, in these the solution-rate 
constant remains virtually unchanged. 


cases 


Although the bismuth in all cases was analysed for 
chromium and nickel the amounts found were so low 
that it is impossible to draw any conclusions about the 
solution of these elements other than to say that no 
marked preferential removal occurs over the time for 
which the experiments were carried out. 

It is proposed that (i) above can only be satis- 
factorily explained by assuming that the factor 
controlling the rate of solution is the step involving 
the passage of atoms from the solid into the liquid 
The observed changes in the rates of solution and 
solution-rate constants are then due to changes intro- 
duced in or at the surface of the solid by the presence 
of chromium. 

The most probable explanation of the results 
summarized in (ii) appears to be that the presence of 
zirconium in the bismuth decreases the solubility of 
iron in the liquid metal. However, it is also possible 
that a film of iron-zirconium compound may be 
formed on the steel surface during pretreatments. 
This might then decrease the concentration of iron in 
the liquid phase necessary to reach equilibrium with 
this solid surface. Such a layer would not be perman- 
ent but would be ultimately converted into the 
zirconium nitride film reported by other workers. 
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Surface effects occurring during the heating 


and cooling of plain carbon steels 


M. J. Olney, Ph.D., and G. C. Smith, M.A. 


THE WORK to be described arose out of an examina- SYNOPSIS 
tion of some of the methods available for revealing When polished specimens of plain carbon steels are 
austenite grain size in steels. One method which — jeated and cooled in inert atmospheres it is found that 
appeared to be simple, and yet to have the most the structure of the surface layers is no longer repre- 
general application, was that of thermal etching in sentative of the interior structure of the specimens. This 
vacuum. In this method a previously polished paper describes an investigation into the nature and 
specimen of the steel is heated in the austenite range causes of these differences in structure. It is concluded 
in vacuum and then examined. The austenite grain that the diffe rences are caused by the fact that the free 
boundaries are clearly revealed as furrows on the — surface acts asa grain boundary on cooling, thus allowing 
surface of the specimen. However, it was found that the n ucleation of pro-e utectoid constitu nts at the surface 
when the surfaces of specimens treated in this way Ferrite is nucleated at. the surface of hypo-eutectoid 
were chemically etched, anomalous results were — steels, and graphite (or in certain circumstances 
obtained and these led to the present investigation. cementite) at the surface of hyper-eutectoid steels. The 
The literature on the thermal etching of iron and _ effects of variables on the formation of graphite has been 
steel has been reviewed by one of the authors else- investigated, and the use of a high-temperature micro- 
where.! Reference will be made in the present paper scope has enabled observations to be made of the forma- 
only to work which is concerned with surface effects, tion of surface films of graphite. 1263 
rather than the thermal etching of steels in general. 


MATERIALS 
The analyses of materials used are given in Table I, the apparatus consisted of a fused-silica tube, sealed 
Unless otherwise stated, the elements W, Cu, Mo, V, ®t one end, in which the polished specimens were 
Ti, Co, Al, Sn, and Pb were present only in insignificant placed. This tube was sealed by means of black wax 
amounte. : into a brass collar connected via flexible metallic 
tubing to an oil diffusion pump backed by a rotary 
APPARATUS AND TECHNIQUES pump. The system included a full-length McLeod 
gauge flanked by liquid-air traps in which mercury and 
other deleterious vapours were condensed 
aa a The silica tube was inserted into a small tube 
Manuscript first received 26 December 1955, and in its furnace so that the specimen itself occupied the 
central zone of the furnace. The temperature was 
Metallurgy at the University of Cambridge, is now Reader in measured by means” of a chromel/alumel thermo- 
Physical Metallurgy at Battersea College of Technology. Mr COUple placed in the furnace with the hot junction in 
Smith is a Lecturer in Metallurgy at the University of Cam contact with the evacuated tube. 
bridge When an argon or a hydrogen atmosphere was 


For experiments involving the use of high vacua, 





final form 27 June 1958. 


Dr Olney. formerly a research student in the Department of 


TABLE | Analysis of materials studied 





Composition, 
Steel Other 
C Mn 8 5S N yg elements 








BHK 1 (BISRA 0-72 0-020 > Cu 0-08 
0-4°..C steel 0-69 0-029 
0-55°,C steel 5 0-71 2 0-028 
0-8°.C steel 0-20 : 0-013 2 W 0-10 
C steel *87 0-68 0-023 
” C steel 0-24 2 0-015 
C steel 0-21 { 0-008 
CC pure alloy . nd i nd 
°,Mn steel . 12-30 0-012 
°C steel* 0-20 ‘ 0-020 
» C steel 0-33 . 0-032 . - } Cu 0-11 
0-12 . 0-020 
0-27 9 0-015 





* Nominal compositi nd not determined 
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Thermal etch 
Surface layer removed, etche 


C' steel heated 2 h at 1000 ( 


»blique illumination 
a5 picral 


used, the gases were purified and dried by 
through a purification train set up as follows: evlinder 
concentrated 
magnesium perchlorate—finely divi- 
650°C— magnesium 


passage 


50°, potassium hydroxide solution 


sulphurie acid 
ded titanium—aluminium — at 
perchlorate—liquid-air trap—furnace tube 
trated sulphuric acid—to Steel 
heated in argon or hydrogen purified as described 
above were bright and free from discoloration after 
heat-treatment. 


concen- 


waste specimens 


In all the experiments to be described, the speci- 
mens were usually cylinders in. dia. and } in. long 
The polishing procedure consisted of grinding the 
specimens down to 0000 emery, followed by light 
grinding on a rotating wheel covered with broadcloth 
soaked in paraffin wax and charged with 600-mesh 
carborundum. The final polishing 
carried out on a Selvyt-covered wheel charged with a 
and After the initial 
removal of scratches, the specimens were etched in 
5°, picral and repolished; this procedure of polishing 
and etching was carried out The final 
etch was then polished off, leaving a bright surface 

The study of the 
examination of specimens sectioned perpendicularly 
to particular faces. It therefore 
utilize a method of edge preservation effective at 
magnifications up to 1500, and the method 
recommended by Jenkinson? was eventually adopted. 
This consists of the electro-deposition of iron from a 
chloride bath at 85°C at a current density of 0-011 
A‘cm*®. Only thin deposits were obtained even after 
several hours, and it was found advisable to back up 


operat ion Was 


paste of magnesia watel 


three times 


surface changes also involved 


was necessary to 
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the iron deposit with a heavy coating of nickel put on 
overnight from an acid bath. 


EXPERIMENTAL RESULTS 

Examination of previously heated and cooled specimens 
The initial experiments were designed to determin: 
the suitability of thermal etching for revealing aus 
tenite grain boundaries in steels, and to 
ascertain whether the boundaries thus 
coincided with the austenite boundaries existing at the 
temperature of heat-treatment Accordingly, a 
specimen of a 0-55%, C steel was heated for 2h at 
1000° C, cooled at 10° C’min to 600° C, and subse 
quently more quickly, in a vacuum better than 
5 10->mm He. When cold, scratches were scribed 
on the specimen surface to assist in the indentification 


Various 


revealed 


of selected areas and several such areas were photo- 
graphed at a magnification of 250. On etching in 
5% picral, the structure shown in Fig. 2) was obtained. 





0-8 C’ steel heated Lh in vacuum, etched thermally and illu 


750 


o 


minated oblique ly 


This shows far more ferrite than is normal in a steel of 
this composition, and a detailed investigation was 
made of this effect, as described later. It was possible, 
however, to obtain the normal ferrite—pearlite struc- 
ture by polishing and etching away some of the 
surface. To do this the specimen was electropolished 
in a perchloric-acetic acid bath at a current density of 
0-28 A'cm?, then lightly etched in 5°, picral; these 
two operations were repeated until the normal struc- 
ture of ferrite and pearlite was obtained. The selected 
areas were again located and photographed at 250. 
It can be seen from a comparison of Fig.la and 6 that 
the correspondence between the austenite boundaries 
as revealed by thermal etching and the underlying 
ferrite networks is extremely good. Detailed examina- 
tion of the photomicrographs reveals that some 
austenite grain boundaries are incompletely outlined 
by ferrite deposition, which indicates that thermal 
etching is more suitable than the deposition of 
ferrite for revealing austenite grain size in steels of this 
carbon content. 

A eareful examination of Fig.la 
boundary system accompanying the prominent aus- 
tenite boundaries. The markings are finer than the 
austenite boundaries and the two networks appear to 
be unrelated and to intersect at random 

This fine network is due to ferrite formed at the 
surface, on cooling, by the decomposition of the 
austenite, and is seen at high magnification in Fig.2a. 
Figure 2b the surface of a 0-559, C. steel 
specimen thermally etched for 2h at 1000°C in 
vacuum and subsequently etched lightly in 5°, picral. 
The light regions are ferrite and the dark areas are 
pearlite colonies. 


reveals a second 


shows 


The general distribution and relative abundance of 
ferrite and pearlite at the surface as shown in Fig.26 
are not normal for a steel containing 0-55°, C in the 
annealed state in which the pearlite ferrite ratio 
should be roughly 2:1. Sectioning the specimen 
showed the presence of thin films of ferrite at many 
places on the surface as in Fig.2c. 

There are two possible explanations for the presence 
of these films, (a) the surface layers have been decar- 
burized by the vacuum heat-treatment or (5) the 
free surface has behaved as an austenite grain boun- 
dary and on cooling has promoted the nucleation of 
ferrite in the same manner as the interior boundaries. 

The examination of the sectioned specimen indi- 
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cated that the second explanation was probably the 
correct one, asthe amount of ferrite was found to vary 
the would 
lead to the formation of a uniform laver of ferrite. In 
addition, the existence of sharp lines of demarcation 
between the ferrite films and the pearlite, and the 
fact that the films were of the right order of thickness 


along surface, whereas decarburization 


to have formed by nucleation were further points in 


favour of surface nucleation 
Additional confirmation was obtained as follows 
(1) Specimens of 0-8°, C and 0-9°%,, ¢ 
heated for 2 hat 10000 C 
cold the 
examined 
visible at 


steels were 
When 
and 


ind cooled in vacuum 


were plated, sectioned 
microscopically No ferrite films 
the either specimen although 
they would have been formed if decarburization had 


ferrite at the 


specimens 
were 
surface in 
surface is 


occurred The absence of 
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§ 12:3%Mn steel heated 1 h at 1000°C in vacuum and etched 
thermally 100 


clearly demonstrated in Fig.3, which is a representa- 
tive section of the 0-8% C steel specimen. 

(2) A specimen of a 0-55%C steel which had 
been heated for 28h at 1000°C in vacuum had 
ferrite films at the surface which were no thicker than 
the interior boundary network, and in places pearlite 
had nucleated at the surface. A similar specimen 
heated rapidly to 1000°C in vacuum and cooled as 
soon as the temperature was reached also showed 
ferrite films of similar thickness at the surface. Thus 
the amount of surface ferrite does not depend upon the 
duration of annealing as it would if decarburization 
had occurred. 

(3) A specimen of 0-4°%, C steel heated for 1h at 
1000°C and cooled rapidly in vacuum showed 
Widmannstaten ferrite penetrating from the free 
surface into the interior. 

(4) A 0-25% C steel heated for 1 h at 1000° C and 
cooled slowly in vacuum showed no pearlite at the 
free surface, all pearlite colonies being separated 
from the surface by a film of ferrite. 

(5) Similar experiments with 0-55°% C and 0-8% C 
steels were conducted in atmospheres of purified 
argon and hydrogen. The results were the same as 
those obtained when these were heated in 
vacuum, the 0.55%, C specimen showed ferrite 
at the free surface and the 0-8% C specimen showed 
only pearlite. 

(6) A specimen of a hyper-eutectoid steel should 
precipitate cementite at the free surface if nucleation 
of the pro-eutectoid constituent occurred there 
preferentially, and a specimen of 1-15°% C steel was 
therefore heated for 2h at 1000°C. and cooled in 
vacuum. When examined the specimen was found 
to be partly covered with a grey substance, which was 
identified as graphite by electron diffraction and 
X-ray examination Fig.4a). Details of this 
experiment have been given elsewhere.* A_ similar 
effect was obtained when the same steel was heated 
and cooled in argon. The possibility that the graphite 
was the result of deposition from the gaseous phase 
was eliminated by control experiments in’ which 
specimens of 0-55°,, C and 1-15°% C steels were heated 
side by side Only the hyper-eutectoid steel was 
observed to be covered with graphite after cooling, 
indicating that the origin of the graphite was internal. 
A section through the specimen showed the graphite 
to be associated with ferrite in some regions of the 
surface, and in others with pearlite, Fig.4. 


steels 
1.e. 


oO 


{See 
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Influence of different variables upon the formation of graphite 
Cooling rate 


No graphite was obtained on a specimen of 1-15°% C 
steel quenched into Hg in vacuum from the austenite 
range, whereas a specimen rapidly cooled at 50° C/min 
after heating at 1000° C for 2 h showed a considerable 
amount of graphite on the surface with regions of 
marked orientation of the graphite nuclei. This is 
shown in Fig.4e. 


Carbon content 


Experiments with plain carbon steels ranging from 
0.87%, C to 1-5% C showed that graphitization at a 
free surface after vacuum heat-treatment was a 
general effect. The amount of graphite was found to 
be greater the larger the amount of carbon in excess of 
the eutectoid content (0-80°) up to a maximum of 


about 90%, surface coverage with 1-59 C. The 


amount of graphite formed on any particular steel 
was found to be independent of the time of heat- 
treatment in the austenite region and of the tempera- 
ture in the austenite range to which it was heated. 


Residual elements 


The influence on graphitization of the absence of 
additional elements normally found in plain carbon 
steels (Si, Mn, S, and P) was determined by heating 
a specimen of a pure iron-carbon alloy containing 
1-0°%, C in vacuum for 2h. After cooling, graphite 
was observed on the surface indicating that its 
formation on plain carbon steels was not due to the 
presence of additional elements. 


Heating temperature 


The effect of heating the 1-:15% C steel to tempera- 
tures below that at which it was rendered fully 
austenitic was determined by heating two specimens 
for 1 hin vacuum, one at 795° Cand the other at 675° C. 
After cooling, the first specimen showed a small 
amount of graphite, the second none at all. This 
indicates that graphitization only when 
austenite has been present in the steel during the 
heat-treatment. 


occurs 


Surface preparation 
A specimen of 1-2°%, C steel was ground on emery 
papers to 0000 and then electropolished. After heating 
for Lh at 1000°C in vacuum, this specimen was 
observed to be coated with graphite in the same 
way as specimens which had 


polished 


been mechanically 


Alloying elements 


The effect of the presence of an element 
affinity for carbon was examined by heating a 
specimen of Hadfield’s Mn steel containing 12-3°, Mn 
and 1-05°% C for Lh at 1000° C in vacuum, and then 
cooling slowly. A clear thermal etch with no trace of 
graphite was obtained, but the surface exhibited a 
peculiar roughness illustrated in Fig.5. It was thought 
that this might be due to the presence of a carbide 
film at the surface, and plating and sectioning of 
the specimen showed such a film, in addition to an 
interior carbide network surrounding the grains of 
austenite. 


with an 








Reheating 

A specimen of 1-:2°% C steel was heated for 1 h at 
1000° C in vacuum and cooled slowly. When cold, 
reference marks were scribed on the surface and 
selected areas were photographed. The specimen was 
then reheated at 1000° C for 1h, slowly cooled, and 
the selected areas located and photographed. The 
distribution of the graphite after reheating was found 
to bear no relationship to that existing beforehand; 
the graphite was, however, somewhat finer in texture 
and more extensive. 


NStriations 


On steels containing about 0-85°,-1-1°% C heated 
and cooled in vacua, systems of striations were 
frequently observed at high magnifications: these 
can be seen in Figs.6a and 6. The striations change 
direction or terminate at austenite grain boundaries 
and twin boundaries, and in regions where graphite 
has formed the graphite zones are elongated in the 
direction of the striations, as shown in Fig.6a. 


Another feature frequently associated with the 
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steel heated 2 h at 1000°C in 
vacuum, etched thermally and illuminated obliquely 
1000 


Striations on 


6a-e 9-9% 


striations is the occurrence of triangular markings, 
sometimes covered with graphite, as in Fig.6c, and at 
other times not covered, as in Fig.6d. 


In an attempt to determine the crystallographic 
orientation of these striations, some specimens were 


prepared which had two mutually perpendicular 
faces polished, and the sharp edge between them 
preserved. These specimens were heat-treated in 
vacuum in the usual manner, and at points along the 
edge adjacent areas at right angles to each other were 
photographed. Examination of a number of such 
photographs enabled the orientations of certain 
austenite grains to be determined from the knowledge 
that the austenite twin boundaries show the positions 
of (111) planes. This enabled a tentative deduction to 
be made that the striations are traces of low index 
planes which are probably (111) planes. The graphite 
formation can apparently occur with greatest ease on 
these planes. 


Surface orientation 


The formation of graphite is sensitive to the orientation 
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a) Thermal etel blique Ulumination 
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i perpendicular to s etched 5 picral 
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steel heated in hydrogen 

of the free surface of the austenite from which it 
forms, as the graphite often reveals the twinning of 
the original austenite grains, as shown in Fig.4c. The 
same effect is also shown in Fig.6d and this also 
illustrates an additional effect. On one part of the 
original austenite grain of Fig.6e circular surface 
relief markings persisting from the initial carbide 
distribution are still present, whilst the other part. of 
the grain surface is quite smooth, except for some fine 
striations. A straight twin boundary separates the 
two parts of the grain. It will be seen that the graphite 
has started to grow along the striations on the smooth 
part of the grain, but that no growth has occurred on 
the rough part, and that the cessation of growth at 
the twin interface is quite abrupt. This indicates that 
the formation and growth of the graphite is markedly 
dependent upon the austenite grain orientation and 
that the removal of surface roughness of the austenite 
grain resulting from the initial structure is 
orientation dependent. Further evidence on these 
points is presented later in the section on high- 
temperature observations. 


also 


Atmos phe vf¢ 


The behaviour of hyper-eutectoid steels heated and 
cooled in purified and dried hydrogen is significantly 
different 
Figure 7a shows the appearance of the surface of a 


from their behaviour in vacuum or argon. 


specimen of 1-15°, C steel after heating for 
loo 


Lh at 
and cooling in hydrogen; no graphite has 
formed, but needle-like markings are present. When 
the thermally etched surface was etched electrolytically 
in alkaline sodium picrate, it was found to be half 
covered with a = dark-etching constituent. This 
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indicated the presence of cementite at the free surface, 
and confirmation of this was obtained when the speci- 
men was plated and sectioned. Figure 7) shows the 
occurrence at the surface of a thin film continuous with 
the intergranular film. That this was cementite was 
again shown when it appeared black after etching in 
alkaline sodium picrate. When the surface film was 
examined by reflection in an electron-diffraction 
camera, a strong diffraction pattern with spacings 
agreeing very closely with the published values for 
cementite was obtained. 

These observations indicate that hydrogen can act 
as a cementite stabilizer, and so prevent the formation 
of graphite at the free surface. The surface is still 
active, however, in promoting the nucleation of the 
pro-eutectoid constituent. 

The stability of cementite (in hydrogen) with 
increased carbon content was tested by heating a 
specimen of 1-5° C steel at 1075° C for 1 h, followed 
by slow cooling in hydrogen. Some graphite flakes, 
frequently associated with the cementite needles, 
were observed on the free surface. A similar specimen 
rapidly cooled from 1075° C in hydrogen showed no 
graphite at the free surface, needles and plates of 
cementite occurring as on the slower-cooled specimen 
It appears, therefore, that rapid cooling in hydrogen 
of high-carbon steels can suppress graphite formation 
at the surface, but that the formation of cementite is 
not affected. 


High-temperature observations 

Experiments using the technique of direct micro- 
scopic examination of polished but un-etched speci- 
mens at elevated temperatures have provided addi- 
tional information about the formation of graphite 
The bi-spherical reflecting objective used in these 
experiments has been described by Dewhirst and 
Olney? and the same paper also contains a description 
of the vacuum furnace used for heating the specimens. 
Some preliminary results obtained with this apparatus 
concerning the formation of graphite during the 
cooling of a 1-2°, C steel in vacuo have been described 
by the present authors.® More detailed observations 
have now been made covering a number of different 
aspects of graphite formation 


1-17%, ( steel initially in sphe roidized condition 

At 666° C (Fig.8a) a distinct relief effect was ob- 
served owing to the carbide particles, and at 845° C 
(Fig.8L) faint grain boundaries of austenite appeared. 
On holding at 945° C (Fig.8c) the relief effect partly 
disappeared from some grains and parts of grains, but 
was quite persistent on others. On cooling a small 
triangular marking with a little graphite appeared at 
839° C (Fig.8d) and this covered with 
graphite at 786° C (Fig.8e). With further lowering of 
the temperature more nuclei appeared and grew, 
several having a triangular initial shape. It was 
observed that, in general, the graphite grew only on 
those grains and parts of grains from which the 
original surface relief effect due to the carbide particles 
had been more or less removed during the heating in 
the austenite range 


became 


Some rough regions of the surface 
became covered with graphite eventually, but this did 
not take place until the later stages of growth. Figure 
Sf shows the amount of graphite present at 663° ( 

no further growth occurred cooling to 


on room 
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 C steel initially in spheroidized 


temperature. This observation points to an orientation 
effect as a result of which those grain surfaces having 
orientations favourable for the elimination of surface 
relief are also favourably orientated for the formation 
of graphite (« ompare Fig .6e). 


Effect of reheating and cooling 


The above specimen was then reheated, and solu- 
tion of the graphite began at 798 C. This proceeded 
further with increasing temperature and after 10 min 
at 944° C (Fig.9a) the graphite had been taken 
completely into solution and austenite grain 
boundaries had begun to appear. The new system of 
boundaries was quite different from the original 
system, and regions of the surface which 
previously had remained rough now became smooth, 
presumably owing to a different surface orientation of 
the new grains. The reverse effect was also observed. 
On cooling, graphite formation occurred as in the 
previous experiment, the final pattern bearing no 


new 


some 


condition at different te m peratures 
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> 
~ 


. 
t 
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ae 


350 


resemblance however to that obtained after the first 
cooling. Figure 9b, taken at 691° C illustrates this. 


1-17, C steel initially in pearlitic condition 

This specimen -hanges 
similar to those of the spheroidized material. One 
difference, however that the roughening of 
regions of the surface noticed with the spheroidized 
steel was not so marked in the case of the pearlitic 


showed a sequence of 


Was 


material. On cooling, graphite formation took place 
in a similar manner. 


Isothermal formation after initial nucleation 


A pearlitic specimen of 1:17°, C steel was austeni- 
tized for 30 min at 950°C and then cooled slowly. 
Graphite nuclei appeared at 774°C more at 
760° C (Fig.10a). The specimen was then held at 
745° C (Fig.106) for 30 min when graphite continued 
to form, particularly on the smoother regions of the 
surface (Fig.10c). On subsequent cooling very little 


and 
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(a) G44" ( (hb) 691” ¢ 


9 The same specimen as in Fig. 8 reheated and cooled 350 
further graphite formation took place. This isothermal 
formation indicates that the graphite begins to form 
only when a considerable degree of supersaturation 
exists, and that there may thus be 
difficulty in initiating a nucleus. 


considerable 


Supe rcooling 


In a further experiment a specimen of an initially 
pearlitic steel was held for 30 min at 950° C and then 
cooled to 840°C and held in order to promote the 
formation of graphite. The temperature of 840° C was 
below the temperature at which austenite should start 
to decompose according to the equilibrium diagram, 


but was considerably higher than that at which 
graphite had been observed to form in the previous 
experiments. Holding for | h promoted no graphite 
formation and further isothermal treatments for 
15 min at 10°C intervals down to 780° C were also 
unsuccessful. No graphite was observed to form until 
743° C, at which temperature it grew isothermally 


Intermediate reheating 

After austenitizing at 950° C for 30 min a 0-999, C 
steel was cooled until graphite just started to form at 
594° C (Fig.lla). Although the temperature was 
raised immediately, some growth of graphite occurred 
at first, but at higher temperatures this went into 
solution, and at 792°C, (Fig.11b) complete solution 
was achieved. On cooling again graphite formed at the 
same place as initially, but at a higher temperature, 
(684° C) and on reheating this disappeared by 779° C. 
Cooling again produced a nucleus at 682° C. and this 
grew further with lowering of the temperature 
(Fig.11¢). This experiment shows that graphite can 
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(a) 760 b 


1-17°.C steel at different 


745° 
10 temperatures and times 350 
be readily dissolved on reheating, but that when 
re-deposition occurs the initial nucleus can appear in 
the same position as formerly, but at a somewhat 
higher temperature 

Isothermal holding on re heating 

An experiment in which a specimen covered with 
graphite was reheated and _ held 
gradually increasing temperatures, 
solution began at about 766° C 


isothermally at 
showed that 
and ended at 863° C 


DISCUSSION 


Previous investigators have drawn attention to the 
fact that a free surface is not necessarily representative 
of the internal structure of an alloy. The first to do so 
was Hanemann,® who pointed out that a surface 
untouched by other crystals, i.e. a free surface, would 
become covered with a segregate, in an alloy under- 
going a transformation on cooling, in the same way as 


the contact surface between two interior grains 








Etching would attack only the surface layer of the 
segregate and the structure of the alloy would 
appear homogeneous rather than heterogeneous. 
Hanemann presented no experimental evidence in 
support of his hypothesis 

Sauerwald, Schultze, and Jackwirth’ observed that 
hypo-eutectoid steels slowly cooled after vacuum 
annealing did not reveal the true structure when 
chemically etched until the surface layers had been 
ground away. They considered that Hanemann’s 
explanation was correct and that ferrite formed in 
plates parallel to the free surface, thus masking the 
underlying structure. 

Apart from Hanemann, Howe appears to be the 
only other investigator who considered seriously the 
possibility that a pro-eutectoid constituent could 
form at an exterior surface. The first 
Howe’s suggestion appeared in the discussion of a 
paper by Burgess, Crowe, and Rawdon.* In this 
paper, Rawdon reported that a hole drilled in a 
evlinder of 0.4%, C steel, which was subsequently 
heated in vacuum, became coated with a thin layer 
of ferrite after heat-treatment. Rawdon attributed 
this to decarburization, but Howe in discussion 
stated that in his opinion the layer of ferrite was 


formed on cooling by an expulsion to the surface of 


the austenite grains. He also described further 
experiments which involved the use of both hypo- and 
hyper-eutectoid steels, the results of these experi- 
ments being in accord with the explanation given 
above. Howe later gave further consideration to the 
idea of the expulsion of pro-eutectoid constituents to 
exterior surfaces. These results of Howe's are con- 
sistent with the present findings if the word ‘nucleation’ 


is substituted for what Howe termed ‘expulsion’. 
Further experimental work in this field has been 
reported by Rawdon and Scott,!° and by Hemingway 


and Ensminger.!! Their results can in general be 
explained in terms of a surface-nucleation theory, but 
the theories put forward by them to explain their 
own results are inadequate to explain the results 
obtained in the present work. 


The present results show that the free surfaces of 


austenite grains can nucleate pro-eutectoid constitu- 
ents on cooling, in the same way as do interior 
boundaries. The behaviour of hyper-eutectoid steels 
in vacua or argon is exceptional in that graphite 
forms at the free surface whilst the normal cementite 
network occurs at the interior grain surfaces. 

It appears that graphite formation is subject to the 
limitations of the iron—carbon equilibrium diagram in 
that it only takes place on hyper-eutectoid steels, and 
the quantity formed is roughly proportional to the 
amount of carbon in excess of the eutectoid content. 

As the stable iron—carbon system is that consisting 
of iron and graphite, it is possible that a free surface of 
a hyper-eutectoid steel on cooling from the austenite 
range behaves in accordance with the iron-graphite 
equilibrium diagram while interior boundaries conform 
to the conditions imposed by the metastable iron 
cementite diagram. The absence of neighbouring 
atoms at the free surface may facilitate the nucleation 
and growth of graphite, a more voluminous constituent 
than cementite. An initial difficulty of nucleation of 
graphite, compared with cementite, may be the reason 
why graphite does not usually form inside high- 
carbon steels. 


mention of 
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(a) 594° ( (hb) 792° ¢ (ec) 661° ¢ 


4 0-99°,0 


and times 


steel, initially pearlitic, at diffe rent temperatures 


350 


The fine striations often observed on austenite 
grains, particularly in the case of steels of 0-9% 
1-0° C appear to be the traces of (111) planes. The 
striations probably form as a result of minimum 
surface energy considerations, as although the total 
surface area will increase, the total surface energy 
can decrease if the planes exposed are of low surface 
energy. Recent work by Moore!* on silver has shown 
that striations will occur only when (100) or (111) 
planes make angles with the surface of less than 
certain critical values. 

The frequent appearance of hexagonal markings on 
the graphite indicates that it probably forms with the 
basal planes of the hexagonal lattice parallel to the 
surface. The arrangement of atoms in the basal plane 
of the graphite lattice is hexagonal with the a dimen- 
sion equal to 2-456 A and the ¢ dimension 6-694 A for 
a-graphite. It is known that the a dimension does not 
alter appreciably with temperature up to 800°C. 
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Austenite (fec) has a cell dimension of 3-64 A at 
910° C. This gives an interatomic distance of 2-57 A 
and the arrangement of interstitial carbon atoms on 
111) planes leads to the formation of hexagons whose 
unit cell dimensions is 2-57 A, as compared with 
2.456 A, the actual unit cell dimension of a-graphite 
No other planes give rise to simple hexagonal arrange 
and this the reason why 
yraphite appears to form most readily on surfaces 
111) planes parallel, or very 
parallel, to the surface 


ments of atoms, may be 


whi h have nearly 

Graphite formation occurs most readily on grain 
surfaces from which traces of the original structure 
have been most completely eliminated. It 
therefore, that the mechanism responsible for the 
smoothing of surfaces, i.e. migration of ions over the 
surface, operates most effectively when (111) planes 
are parallel, or almost parallel, to the surface 


seems 
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in oil quenching 


G. Stolz, Jr, V. Paschkis, C. F. Bonilla, and G. Acevedo 


INTRODUCTION 

Purpose 

'HE HARDNESS achieved at any point of a quenched 
piece depends on the temperature/time relation at 
this point. Yet most quenching research bypasses the 
exploration of these temperature/time relations and 
attempts to correlate hardness and 
possibly metallurgical structure with relatively few 


observations 


constituents of the thermal picture such as nature of 


the quenchant, velocity, size of the piece, ete. Despite 
all the valuable work done, quenching still remains 
an ‘art’. In the present study the major objective was 
the determination of the significant thermal 
quantity which completely describes the behaviour of 
the quenchant, the boundary conductance, and the 
influence on boundary conductance of significant 
variables. It is hoped that the present approach will 
the element of art contribute further 
toward a scientific approach to quenching 


one 


reduce and 


Previous work 
Four of the principal references in the field deserve 


discussion. The Jominy test! serves to compare the 
hardenability of steels by exposing a standard shape 


Manuscript received 12 June 1958 


Engine ‘ 
and Mass Flow Analy 
New York. C. F. Bo 


> 
schkis are Senior Research 


Heat 


ieering at Columbia Unive 
ch Assistant at the Heat 
yw with Bell Telephone 


Laly 


Journal of The Iron and Steel Institute October 1959 


SYNOPSIS 
Quenching experiments were performed in three different 
and the 


houndary conductance v. 


quenching oils, pertinent thermal relations, 
surface temperature, are re 
ported. T he effect of oul temperature, tmmersion depth, 
and position on the surface of the sample was examined. 

A wide range of factors tested is condensed into a feu 
which related thermal 


te mpe rature ‘time curves) can he obtained. 


graphs from quantities (e.g. 
The physical phenomena Oct urring ih the quenchant 


which affe ct the cooling he haviour are discussed. 1602 


to a standard spray quench and measuring the surface 
hardness distribution. While the test 
standard and is of great use in practical heat treating 
it is doubtful that further exploration in this direction 
can contribute to a more fundamental analysis of the 


has become 


quenching process 

Grossman and 
quench, H (which was also called heat transfer equi- 
valent), recognizes in principle the need of separating 
hardenability from heat transfer. But while His 
conceptually defined as a thermal quantity, it is 
determined from hardness measurements. Thus H 
becomes more an empirical correlating factor which 
works well under restricted conditions, but fails when 
applied where the are not at 
approximately satisfied. The most important restrict 
which, unfortunately, is satisfied in- 
frequently is constancy of boundary conductance over 


Asimow s* concept of severity of 
I 


assumptions least 


ive condition 
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a range of temperatures, surface positions, and speci- 
men sizes. Thus attempts to apply Grossman's H 
without regard to its limitations prove 
generally useful. 

Finally, reference should be made to the work at 
the Kaiser Wilhelm Institut Max Planck 
Institut) fiir Eisenforschung®?* in’ which - silver 
spheres were quenched to compare cooling rates, 
which in part suggested the approach in the present 
study. 

The methods of the Kaiser Wilhelm Institut have 
been adopted by several other investigators. The work 
of Russell® may be of interest, although the similarity 
hetween Russell’s work and that reported in this 
paper is only in the experimental method. The con- 
cepts employed (e.g boundary conductance) and the 
end results are different. Further the status of current 
knowledge of boiling phenomena?:® requires extensive 
revision of Russell’s physical interpretation. In view 
of the differences in approach further reference to 


cannot 


(how 


earlier papers does not appear necessary. 
Investigators at the Kaiser Wilhelm Institut worked 
necessarily with samples small enough to be considered 
isothermal. But it is known that cooling rates are a 
function of position, and also shape and size of the 
cooling object, particularly if the object is small. 


Therefore, the results reported by those 
authors based on such small samples cannot easily be 
generalized. Thus the present work was started in the 
hope of leading to a quantitative understanding of the 
cooling process precise enough for the eventual pre- 
diction of cooling rates in an object of inv size Or 
shape in any quenching medium, provided relatively 
few key physical constants are known. 


specific 


The investigation of Yoshida et a/.1*,19.?9 was similar 
to the present one. Seven liquids were tested, among 
them ‘spindle oil mixtures of the 
two. Specimens were carbon steel cylinders, 1-5-2-5 em 
dia.. 12-15 em long, with the axis vertical. From a 
single thermocouple at the surface the boundary 
conductance was determined. Their method of calcu- 
lation is questionable. Qualitatively, their results and 
those of this paper check both with regard to the 
boundary conductance temperature curve and to the 
small influence of oil temperature. 


mobile oil’, and 


THERMAL DESCRIPTION OF QUENCHING PROCESS 


The important thermal factors in quenching can be 
classed in two categories; one pertains to the quench 
ant; its behaviour is characterized by the boundary 
conductance, A (Btu/hft?°F), which is defined as the 
rate of heat transfer per unit area per unit tempera 
ture difference. Many variables influence the boundary 
conductance, among them the quenchant, its tempera 
ture, amount of agitation, geometry of specimen and 
container, ete., but most important, it is substantially 
independent of the material of the quenched speci 
men 

The second thermal category pertains to the solid 
body, specified by its size, shape, and material. The 
material in turn is described by thermal properties 
such as thermal conductivity, specific heat, density 
heat, and range of transformation. Most of these 
factors are well understood, though for solids 
numerical known desirable 
accuracy. 


many 
values are not with 
These two boundary conductance and 
thermal properties, known, are sufficient to 
determine for a quenched piece any desired tempera- 
ture/time/space relations, cooling curves 
rates, temperature profiles, etc. Thus the 
importance of the boundary conductance lies in the 
inherent generalization of results. 

The purpose 
gram’ at Columbia University, of which this paper 
is a progress report, is the exploration of the boundary 
conductance 


groups 
when 


such as 


cooling 


of the ‘co-operative quenching pro 


BOUNDARY CONDUCTANCE AND COOLING CURVES 


The physical phenomena that occur in the quenchant 
and affect the course of boundary conductance and in 
turn cooling curves are perhaps best explained with 
an example based on an actual experiment.* Figure 1] 
shows the temperature time curve measured near the 


surface of a sample; from this the relation of boundary 


» interpret 


tion pre vide 


In the regions of rapid ¢ 


i for steady state boiling : 


upon the higt 


speed photo 


Journal of The Iron and Steel Institute October 1959 





118 Stolz, et al. Thermal considerations in oil quenching 














2 T ypu al boundary conductance curve, corresponds to Fig.l 


conductance ». 2 
was calculated. 

From 1600° to 920°F the sample is blanketed by a 
film of oil vapour through which heat is passing to the 
surrounding liquid oil, which in turn is removing heat 
by natural convection. This stage is called film boiling. 
As the sample cools, the film thickness gradually de- 
creases. Because of the relative insulating effect of the 
vapour film, the boundary conductance is rather low 
and changes slowly over a narrow range, e.g. in this 
experiment from 100 to 88 Btu/hft? °F. Consequently, 
the slope of the cooling curve is not steep. 

Starting at 920°F transitional boiling is encount- 
ered. It is a hydronamically unstable region in which 
the vapour film fluctuates in apparently random 
fashion, agitating the surrounding liquid. While the 
surface temperature is dropping only a few degrees 
(from 920° to 830°F) the boundary conductance as 
shown in Fig.2 is increasing very markedly from 88 to 
720 Btu/hft? °F. At about 920°F the slope of the 
cooling curve changes appreciably and becomes steep. 


surface temperature* shown in Fig. 





* For clarity this manner of presentation differs from the usual 


convention. In heat transfer plots of this type the custom is 
to plot as abscissa the difference between surface temperature 
and bulk quenchant temperature 








Nucleate boiling starts at 830° F and is characterized 
by the rapid formation of many small bubbles pro 
moted by ‘nuclei’ such as surface irregularities, impuri 
ties in the oil, and the like. As the surface cools, the 
rate of bubble generation decreases, resulting in lowet 
boundary conductance values. At about 650°F, 
what above the initial boiling point of the oil, boiling 
ceases. In the nucleate boiling range (830-650°F) the 
boundary conductance falls from the peak value of 
710 to about 100 Btu/h ft?°F. Near 830°F the inflec- 
tion point corresponding to the maximum boundary 
conductance may be seen in the cooling curve, after 
which the cooling rate decreases. Below 650°F further 
cooling is by natural convection, which may at first be 
turbulent and ends in laminar flow. Boundary con 
ductance is once more low and changes slowly as does 
the sample temperature during the rest of the process 


some 


TEST PROCEDURE 


The variation of the boundary conductance during a 
quench is obtained as follows. Temperatures at known 
positions inside a sample are measured. By mathe- 
matical analysis, the surface temperature and rate of 
heat flow through the surface are determined. The 
above data define the course of the boundary conduct 
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4 fjoundary conductance \ surface temperature for 


ance, which then can be correlated with time, or more 
meaningfully, with the surface temperature. 

The experimental setup has been described pre- 
viously®? and is therefore reviewed only briefly. The 
samples were two silver spheres of 2 in. dia. and an 
average surface roughness of 140 jin.; they were 
quenched in three different oils designated as fast, 
intermediate, and slow. The oils are described in the 
Appendix. Each sample, supported by a silver tube 
in turn attached to a dropping mechanism, was heated 
in a resistance furnace, then dropped into a quench 
tank. Temperatures were measured by silver /alumel 


thermocouples with the sample serving as part of the 
silver leg. Alumel wires of 0-020 in. dia., insulated by 


alundum tubing, were welded to the 
0-042 in. holes at various locations (five or fewer) in 
the sphere. Locations are described by their radial 
distance from the centre and latitude, x, the angular 
deviation from the vertical; at the ‘south pole’ x is 
zero. 

During the quench thermocouple emf’s were re- 
corded on a Hathaway six-channel oscillograph with 
mirror galvanometers. One channel served to record 
the sample position during the drop. The galvano- 


bottom of 


intermediat i ou effect of ¢ temperature 


meter deflection /time traces were read out at frequent 
time intervals with the aid of a special oscillogram 
reader.!! 

To obtain the boundary conductance values from 
these interior temperatures, special numerical tech 
were developed. Essentially, the measured 
temperatures are extrapolated to the surface, assum 
ing spherical symmetry. The gradient of the tempera 
ture (derivative with and the 
temperature at the surface are determined sy 
Fourier’s law, heat flux (rate of heat transfer per unit 
area, Btu/hft?) is obtained and divided by surface 
temperature difference to yield boundary conductance. 


niques!” 


respect to radius) 


Reference test 

Since many factors may affect the boundary conduct 
ance, a ‘reference test’ comparison 
standard. In the reference test the quenchant was at 
110°F and initially quiescent in a deep 38 in. «31 in 
tank. The sample, initially at 1600°F, was dropped 
vertically into the quenchant at 3 ft/s until the 
‘north pole’ was submerged by 2-5 in. Unless other- 
wise noted, all the experiments discussed were per 
formed under these conditions. 


was selected as 





























§ Cooling curves for intermediate oil corre 


sponding to Fia.4, showing effect of oil 


TIME 


femperature 
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EXPERIMENTAL RESULTS 
Range of conditions 


Earlier tests in quenching 
mineralized water and caustic soda solutions 


media (de 
indi- 
cated a large influence of the quenchant temperature 
and immersion depth. Accordingly the independent 
factors varied in the present investigation, and their 


aqueous 


9,10) 


ranges were 


(i) quenchant: slow, intermediate, and fast oil 


(ii) quenchant temperature: 90-170°F 
(iii) immersion depth: 0-5-5-2 in. 


iv) latitudinal position: 10—-85° of are. 


Reproducibility 

As shown in Fig.3, presenting boundary conductance 
v. surface temperature, good reproducibility of both 
experiment and analysis is achieved under most 
conditions. The agreement among either slow or fast 
oil quenches is somewhat better than for the inter- 
mediate oil. One isolated instance of severe disagree- 
ment in the intermediate oil was observed six months 
after the completion of the experiments; this finding is 
otherwise unconfirmed. It is not shown in Fig.3. 




















Effect of oil temperature 

In the range of oil temperature considered (90-170 °F 
for each oil all the results coincide when boundary 
conductance is plotted with surface temperature as 
abscissa, as shown in Fig.4 for the intermediate oil 
This is surprising, since heat transfer data in natural 
convection and boiling usually correlate well when 
temperature difference (between surface and liquid 
bulk) is used as abscissa (see, e.g. ref.13). 

The explanation of this behaviour would seem to be 
that with these considerable thermal! 
resistance must exist in the liquid phase, between the 
outer surface of any vapour layer and the bulk of the 
liquid. In this case, the temperature of the outer 
surface of the vapour layer (inner surface of the liquid) 
would be controlled more by the temperature of the 
quenched surface and the boiling process than by the 
bulk of the quenchant. Thus the quenching heat 
transfer would correspond more closely to saturated 
boiling than to sub-cooled boiling, and the quenchant 
bulk temperature would not affect the boundary 
conductance. The above finding does not imply that 
the cooling curves would be identical, though they do 
not differ by much, as shown in Fig.5 


Viscous oils 
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8 Boundary conductance 

Differences in hardness with changing oil tempera 
ture, say from 90° to 130°F, have been observed else 
where.!? This experience may seem difficult to re 
concile with the fact that this change in oil tempera 
ture results in very little change in cooling curves 
$y way of explanation it has been suggested!® that 
these differences in hardness are governed by the 
progress of the martensite reaction (occurring at the 
very end of the cooling curve) which may be very 
sensitive to the temperature of the oil bath. 


Effect of immersion depth 


Shallow immersion of less than about one sample 
diameter in all three oils yielded slower cooling than at 
depths beyond this limit. For example, quenches at 
depths of 4-9 and 2-9 in. (measured from the top of 
the sphere) in the slow oil (Fig.6) yielded no appre- 
ciable difference in boundary conductance. But 
the depth was decreased to 0-9 in. a considerably lower 


when 


boundary conductance resulted, 


slower cooling. 


with consequent 


The hydrostatic head is probably a negligible cause 








of these differences. However, the proximity of the 
oil/air interface to the sample constitutes a boundary 
in part similar to a solid wall, tending to restrict the 
circulation of the quenchant. When this free boundary 
is sufficiently far removed from the sample, no appre 
ciable effect would be expected as the depth is 
On the other hand, if the free boundary is 
moved close enough to the sample, the circulation of 
the oil is impeded. A lower overall boundary conduct 
ance would be expected 


changed 


On the basis of this explanation one would expect 
slowe1 whenever some obstacle to 
circulation is too close to the plece 


cooling free oil 
Such an obstacle 
could be the oil/air interface, a tank wall or bottom, or 


another object being quenched at the same time 


Effect of location 


Figure 7 demonstrates an appreciable variation of 
boundary conductance with position on the surface 
of the sphere. This variation evidently occurs only in 
the rapid cooling region and would therefore be 


reflected in cooling curves only for short periods of 
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time, but during such periods large temperature 
differences at different locations might be expected. 

The effect of latitude is negligible in regions of low h 
when silver samples were used; more significant differ- 
ences may occur in different materials. The differences 
at high A may be explained as follows. It has been 
observed that bubbles form first near the top of the 
sample, then in about 0-3 s spread around to the 
bottom. This time lag in bubble formation may be 
explained by the oil circulation near the sample. In 
convective flow past a round object turbulence 
develops first on the downstream which in 
natural convection is at the top of the sample. With 
more agitation at the top, the vapour layer breaks 
down more easily there. To some extent the presence 
of the supporting rod probably also contributes. Such 
differences could cause significant non-uniformities of 
hardness and depth of hardness 


side, 


Comparison of three quenching oils 

Figures 8 and 9 compare the thermal behaviour of the 
three quenching oils under reference conditions. They 
show, respectively, boundary conductance and cooling 
curves. 

Between 1600° and 1150°F the boundary conduct- 
ances and thus the cooling curves of all three oils are 
similar; over this range all three oils are in the film 
boiling regime. From 700° to 130°F, which covers the 
colder region of nucleate boiling and the convective 
cooling regime, similar conditions are also found with 
the three oils. In these regions corresponding portions 
of the temperature/time curves have the same form. 

The convective regime has been satisfactorily cor- 
related elsewhere in terms of dimensionless ratios 
employing physical properties, and this agreement 
among the oils might have been expected from the 
similarity of their key physical properties, which are 
shown in the Appendix. 

The main differences between these oils lie in the 
height and breadth of the boundary conductance 
curve in the region of rapid cooling where the bound- 
ary conductance exceeds 100 Btu/hft? °F. Both the 
height and breadth are greatest in the fast oil (Fig.8). 
For the fastest oil the breadth of temperature range 
of high A is 530°F (from 1150° to 620°F). For the slow 
oil the breadth is only 280°F. Since the lower tempera- 
ture limit is the same in all the essential 
difference lies in the temperature at which stable film 
boiling is interrupted,* possibly due to a difference in 
the wetting properties of the oils. The differences in 
the peak values of A do not seem to play as large a 
role in cooling speed of these quenchants. However, 
the study of the boundary conductance evidently 
yields a quantitative comparison of the effectiveness 
of quenching media 


Cases, 


CONCLUSIONS 


1) Asingle relation between boundary conductance 
and surface temperature is valid for a wide range of 
oil bulk temperatures and a range of immersion depths. 
2) If the three oils may be considered as character 


istic of slow, medium, and fast quenching oils in 
general, one can state that the difference in quenching 
behaviour of oils lies in the temperature at which the 


stable vapour film breaks down 


* Russell® called a nearby point, picke d by inspection of coolin 


curves, the characteristic temperature 
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(3) All three oils behave almost identically in part 
ot the film boiling range and in the natural convection 
range 

(4) Oil temperature has only a negligible influence 
on the boundary conductance. This is in contrast to 
aqueous quenching media. 

(5) The depth of immersion of an object in the oil 
may be limited by the depth of the tank. Shallow 
immersion reduces the cooling rate noticeably, but 
beyond a certain critical value further increase of 
depth of immersion has only a minor influence on the 
cooling behaviour. For large objects, therefore, even 
the top of the object should be immersed deeper than 
this critical depth; otherwise irregular quenching will 
result 

(6) Boundary conductance values can be non 
uniform over the surface of the spheres. The differences 
are most marked at high values of boundary conduct- 
ance, Further study of this phenomenon is necessary 
both for a fuller understanding than indicated in this 
paper and to see the practical implications of non- 
uniformity of quenching. 

(7) Boundary conductance values as presented in 
this paper can be used to predict cooling curves in 
objects of size and material different from the experi- 
mental samples. Such predictions are contained for 
example in a paper presented by one of the authors.!® 
Experiments in progress will serve to verify the 
validity of such predictions. 
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APPENDIX 
DESCRIPTION OF THE QUENCHING OILS 


Three oils were donated by Gulf Research and Development 





Corporation. They are designated as slow, intermediate, and 


fast. These designations were chosen rather than brand names, 


and pertinent properties are reported The slow quene hing oil 


is a commonly used all purpose paraffinic type oil The 
intermediate oil is covered by US Patent 1535379 issued 
28 April 1925; it was made up from nine parts of slow oil and 


one part of an additive 
The three thermal properties, thermal conductivity 
heat of 


calculated 


specific 


heat, and latent vaporization were not determined 


but can be known 


from properties according to 
ack epted empirical equations 
Phe formulae used are as follows 

K 0-813/d) [1 


00-0003 (t-—32) 





( l yd O-388 — O-O0045F 
E, ] 110-9 —0-00F 
where A thermal conductivity, Btu/h ft? F 
( specific heat, Btu/lb °F 
/ latent heat of vaporization Btu/lb 
/ specific gravity at 60-60 F 
t temperature k 
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1 ypu al values of the thermal properties calculated from the REFERENCES 
above formulae are shown in Table II 

W. EE. Jominy and .. Bors OLD rans. ASM, 1938 
TABLE | Properties of quenching oils* 26, 574 


YY 





Property Slow Inter Fast Addi 2. M. A. GRossMAN simow, and S. F. Ursan, in 
l t Hardenability of alloy ste . 124-190: 1939, Cleveland 
Ohio, USA, ASM 
Gravity, API 97-7 30-0 8-6 3. N. Excer: Ingeniorvidenska belige Skrift gen 
1931, Ser. A, no.31 
Specific gravity at 7 O-S7T62 ; a . = 
60-60°I F. Wever and A. Kos 
Viscosity SUS 100° 103 13 G24 says 1937, 19, 289-298 
30°F 64-5 7 § \. Rose: tbid., 1939, 21, 181-196 
210 fF 34-0 , ba on roK 
Pour point, 'F 10 ) ) ; ve 990 oni 
Flash point, OC, °F(D92) 360 375 Rep., no.24, 1939, 283 
Fire point, OC, °F (D9g2 410 5 4 k SONILLA (ed Nuclear engu 
Carbon residue, ‘ D189) O-O1 73 7 York. McGraw Hill 


Ne utralization value 0-01 J. W. WestwaTer {drvances in vemical Engineering 
acid no. (D974) - 

Saponification no. (D94 Ol 0-6 ) 1956 1, I; 1958 2, 

n-Pentane insolubles, %, < 0-01 0-01 , V. Pascukis and G. Srouz, Jr: J f 1956, 8, 1074 
(D893 L075 

a aaa was sie V. Pascukis and G. Srouz, Jr: Jron Age, 1956, 178, 


Initial boiling point, °F 644 680 7 22 November, 95 


mediats ou tis 


RUSSELL: ‘Some tests on quen¢ 





P. Caccaterra, G. Srovz, Jr, and V. Pascukis: Ts 
* By courtesy of Gulf Research and Development Company, Pitts 


burgh, Pennsylvania 


published 
G. Srouz, Jr: ASME paper 59-SA-20 
Surface tension was not determined, but according to past 3. W. H. McApams: ‘Heat transmission 
experience of the producer the approximate value for the New York, MeGraw Hill 
three oils is 32 dyn/cm at 88°F W. E. Jominy: Private communication 
R ‘ 5. M. GeENSAMER: Private communication 
TABLE ti Typical values of thermal properties V. Pascuxkis: ‘Quenching, a thermal problem’, ASM 
Property Slow Inter Fast Symposium, Cleveland, Ohio, USA, October 1958 
oil mediate oil — oil C.S. Cracor: NBS Misc. Publ., 97, 1929 
—--—- ——$—$—_—— : ee T T s. Soc. Mec y Jaye 950 
Thermal conductivity, 100°F 0-896 (0-892 0-911 r. Yosuipa: Trans oO Mech. Eng. (Japan 1950, 16, 
Btu /hft? °F /in 200 0-867 0-865 0-883 32-39 
300 0-841 0-837 0-855 9 Y. NAKAGAWA and T. Yosuipa: T'rans. Soc. Chem. Eng 
Specific heat, 100'F 0-459 0-458 0-463 (Japan), 1952, 16, 74-82, 104-110 
Btullb °F 200 0-507 0-506 0-511 Y. Nakacawa, T. Yosurpa, and K. Kamirant: thid., 1952 
100 O-555 0-554 0-559 16, 4105-412. 413-418 








A resistometric study of the first stage 
of tempering in plain carbon steels 


H. W. King, B.Sc., Ph.D., and S. G. Glover, B.Sc., Ph.D. 


SYNOPSIS 
The tempering of seven plain carbon steels ranging in carbon content from 0-19 to 1:5% 
has been studied at temperatures from 23° to 100°C by measurements of the change of 
electrical re sistivity. Steels containing 1-27°.C or above when te m pere d he low SO-C exhibut 
an initial increase in resistivity before the normal decrease characteristic of all the steels 
examined. This anomaly is considered to be associated with the pre cupttation of «¢ -carbide 
in coherent form. 
The decrease in the re sistivity of the 0-19°,C steel (2°) is much smaller than that of 
the other steels (14-30°,) and is ascribed to the segregation of carbon atoms in the 
martensite rather than to the precipitation of carbide. This view is s upporte d by the marked 
difference between the time dependency of the resistivity change in this steel and that for 
the steels of higher carbon content. The detection of a resistivity change in a 0-19°.C steel is 
thus not incompatible with the formation ofa metastable low-carbon martensite (0-25°,) 
during the first stage of tempering of high-carbon steels. 
The activation energy for the first stage of tempering has a unique value for each steel but 
varies with the initial carbon content of the martensite according to the linear relation ship: 
Ictivation energy S500 wt-°C 18000 cal) mole 
This relationship is discussed with reference to the possible diffusion paths of carbon in 
martensite. 160] 
Menusction snesived $ July 1958 es rae IN PRECIPITATION PROCESSES, particularly when the 
Dr King is at the Mellon Institute, Pittsburgh, Pa., USA, and decomposing phase is grossly supersaturated, the 
Dr Glover is Lecturer in the Department of Physical Metal immediate product of the reaction is a transition 
lurgy, University of Birmingham structure different from that which is ultimately 
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formed. An important example of this is the decom- 
position of steels tempering. 
Whereas the tempering of iron-carbon martensite at 
temperatures above about 250°C apparently leads 
directly to the formation of a cementite—ferrite 
at lower temperatures the formation of 
cementite is preceded by the precipitation of a transi 
tion carbide accompanied only by a limited depletion 
of the carbon content of the matrix. At temperatures 
150°C, moreover, this transition state 
appears to be extremely persistent. It is with this 
so-called first stage of tempering that the present 
work is concerned and as a concise and substantially 


martensite in during 


aggreyvate 


below about 


modern review of the whole tempering process has 
already been given! only the main features of this 
stage will be recalled. 

The present conception of the mechanism of the 
first stage of tempering has stemmed largely from 
two types of X-ray diffraction study of the process 
Using a single crystal technique in which the reflec- 
tions constituting martensite doublet could be 
separately recorded, Kurdjumov and Lyssak? showed 
clearly that martensite decomposes by a discontinuous 
process; i.e. instead of a general and gradual relaxation 
of the tetragonal martensite towards a cubic structure 
as had been indicated by the line shifts in previous 
Debye Scherrer investigations, a 


one 


new low-carbon 
martensite is formed and, as tempering proceeds, 
grows in amount at the expense of the original high- 
carbon martensite. In a extensive study, 
Roberts, Averbach, and Cohen’ applied this technique 
to a series of plain carbon steels ranging from 0-78°, 
to 1-43°,C. Their results confirm those of Kurdjumov 
and Lyssak both with respect to the mechanism of 
the process and the carbon content of the new marten- 


more 


site; this is given as 0-25°, and appears virtually 
independent of the carbon content of the original 
martensite. 

The second contribution of diffraction studies has 
been the determination of the structure of the carbide 
which is precipitated during the first stage of temper- 
ing. Although reports of the detection of a new phase 
had been sufficiently numerous and convincing already 
to have refuted the early notion that tempering 
proceeded by the transition of tetragonal martensite 
to a cubic structure of the same carbon content, there 
was little indication of its structure until the notable 
investigation made by Jack.* Using a 1-3°,C steel 
tempered at 120° C Jack obtained reflections consistent 
with a close-packed hexagonal phase isomorphous 
with e-iron nitride and from which the designation e- 
carbide was derived The presence of this phase has 
since been detected in a range of iron—carbon alloys 
containing from 0-29 to 1-42°.C by Folke and Ny- 
gren® whose values for the lattice constants agree with 
those reported by Jack 

The most recent and extensive investigation of the 
kinetics of first-stage tempering is that of Roberts, 
Averbach, and Cohen® with high 
precision the length changes in specimens of iron 


who measured 
irbon alloys covering a wide range of carbon contents 
hei as plots of the fractional 
change in length as a function of the time of isothermal] 
tem pe ring, a correction being made for the presence ot 
retained austenite and the influence on the length 
changes of its breakdown during the second 
of tempering.® In the 


results are given 


stage 


temperature range of the 
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first-stage process there results a steady contraction 
which is the more pronounced the higher the carbon 
content of the steel and of which the rate increases 
with tempering temperature. Anaylsis 
of the results led to the suggestion that the e-carbide 
and low-carbon martensite form an aggregate with an 
plane front, a value of 16 000 cal mole 
was assigned to the activation energy of the process 


nmcreasiny 


advancing 


In a subsequent analysis’ of the same precision length 
measurements based on a model which corresponds 
more closely to the mode of precipitation revealed 
by electron microscopy® the latter value has been 
revised to 26 000 cal mole and the discrepancy between 
the time exponent of the reaction as determined 
experimentally (0-3) and that by the theory (0-5) has 
been removed 

While the both the structural 


main features of 


changes involved in the first stage of tempering and 


the kinetics of the process were already well established 
it the outset of the present work, uncertainty existed 
on a number of important aspects of the precipitation 
In particular the kinetic results of Roberts 
et al.* provoked further enquiry into the precise value 
and significance of the activation energy for the first- 
stage reaction. It was not at all certain even that the 
assignment of a unique value to the activation energy 
was justified and the position was further aggravated 
by the numerous and often widely conflicting values 
deduced from earlier investigations. Second, whilst the 
formation of a low-carbon martensite has been con- 
vincingly demonstrated in high-carbon steels there 
was no direct evidence that the same mechanism could 
operate in low-carbon alloys. In a containing 
less than about 0-6°,C the diffraction lines associated 
with low-carbon which might be 
venerated during the tempering would, apparently,* 
be extremely difficult to separate from those of the 
original martensite. The intriguing question is 
whether martensite which contains less than 0-25°,C, 
in the condition in which it is formed by quenching, 
will temper at all. According to Roberts® the rate of 
tempering in the temperature range 22—-123°C (72 

250° F) falls linearly with decreasing carbon content to 
give, on extrapolation, a zero rate at 0-25°,. The 
validity of the extrapolation seemed questionable 
the most vital results, namely those for the 
lowest carbon alloy (0-29°,), were also those in which 
the and least 
accurately measurable, and the implication of the 
extrapolation was not tested by an examination of 
the dimensional behaviour of a steel containing rather 
less than the critical amount of C (0-25°,) 


pre CASS, 


steel 


any martensite 


since 


dimensional changes were smallest 


It appeared that further elucidation of these aspects 
of the tempering reaction might be provided by more 
detailed information on the kinetics of the process 
Since an improvement in the already excellent dilato- 
metric technique of Cohen and his collaborators 
was concluded that a more 
accurate evaluation of the kinetics of low-temperature 
tempering would require measurements to be 
of the change in a property far more 
atomic rearrangement than is density Internal 
friction and electrical resistivity offered the greatest 
promise ; of these, the former was rejected owing to the 
forbiddingly difficult problem of producing a specimen 
of suitable dimensions in the quenched condition 

Though applied with success to studies of precipita- 


seemed inconceivable, it 


made 
sensitive to 
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tion in other alloy systems, electrical resistivity 
measurement has been a much neglected approach to 
the problem of tempering. Since the notable work of 
Campbell® some forty years ago, little use appears to 
have been made of this technique for studying iso- 
thermal tempering; such results as have been recorded 
describe mainly the variation of resistivity with the 
temperature of tempering. The method has found 
useful application in recent times, however, in the 
study of the ageing of ferrite’. |. '* and, towards the 
end of the period of the present research, some in- 
teresting results of resistivity changes during iso- 
thermal tempering were given by Jellinghaus.!* 


EXPERIMENTAL METHOD 


The chemical analyses of the seven plain carbon 
steels used in the investigation are given in Table I. 
The steels were provided in the form of 1-in. or 3-in. 
dia. rolled bars. Specimens cut at various intervals 
along the length of the bars were quenched and 
examined for homogeneity. Rods 10 in. long were 
cut off the stock, softened, turned down to 0-35 in. 
and then cold swaged to wire 2mm dia. Specimens 
just over 10 cm long were cut from these wires. 

The changes in electrical resistance during temper- 
ing were determined as a function of time, all 
measurements being made in situ at the tempering 
temperature. Since a change in temperature of 1° C 
causes the resistivity of a plain carbon steel to alter 
by about 0-25°%,!* resistance changes were deter- 
mined by a differential method which consisted of 
measuring and comparing the potential difference 
across an unknown and a standard specimen which 
were wired in a series circuit. The standard specimen 
was identical to the test specimen in every way, 
except that it was quenched and tempered at 165°C 
for at least 1 day before use. A current of about 1 A 
was passed through the circuit from a 6 V_ battery; 
the resultant potentials across 5¢m at the centre of 
the specimens were 5-10 mV. Since this was measured 
to 0-1 uV, using a Cambridge vernier potentiometer, 
the accuracy of the readings was 0-O01°). 

The experimental procedure was as follows. All 
specimens were sealed in 3-mm dia. evacuated silica 
tubes and austenitized at 1 100° C for 20 min. Quench- 
ing was effected by rapidly withdrawing the tube 
from the furnace, fracturing one end, and inverting it, 
thus plunging the into the quenching 
medium. Test specimens were rapidly transferred to 
a jig which carried the electrical connections and 
which in turn was inserted into an oil bath set at the 
temperature and controlled to 0-25°C. This 
operation took a maximum of 30s. The results were 
expressed as the ratio (AR/R) of the change in 
resistiv ity to the initial resistivity of the steel. At the 
conclusion of the resistivity the 
martensite content of each measured 
using a Sucksmith magneti 


specimen 


measurements, 
specimen Was 


balance 


PRELIMINARY EXPERIMENTS 
Reproducibility of resistance measurements 


During each isothermal tempering experiment the 
resistivity always changed perfectly smoothly with 
time, the scatter of values being quite negligible. The 
resistivity-change/time plots yielded by the same 
specimen after repeated heat-treatment or by different 


TABLE | Analyses of steels 





Martensite 
formed 
when 
quenched 

to 20 C, 


039 99 5 
026 97-01 
025 93-8 
02 87-5 
O18 73-5 

65 5 

50 64 





specimens of the same composition showed an almost 
complete reproducibility. Where a slight departure 
occurred, it could be traced to a the 
martensite content of the specimen 


variation in 


The influence of martensite content on resistance changes 
Typical values of the amount of martensite formed 
on quenching each of the steels to 20°C are given in 
column 9 of Table |. Since a considerable amount of 
austenite is retained in the higher-carbon steels, it 
was feasible that some decomposition of this phase 
might occur during tempering and thus contribute to 
the observed change. To this 
possibility specimens of steel 138 were cooled to 
196°C by quenching in water and then in liquid 
nitrogen, to 20°C in water, and to 60° C 
The resulting martensite contents a 
65-2°,, and 47-5°, respectively. Immediately after 
the quench each specimen was tempered at 66°C 
when the changes in resistance shown in 
observed. It is clear that the effect of increasing the 
amount of martensite Is to increase the magnitude 
of the resistance change, whether this be positive o1 
Figure 2 which is derived from the results 
of Fig.1] shows the relationship between the magnitude 
of the change in resistance (AR, R) and the martensite 
content of the specimens, after tempering for times 
of 25, 120, 500, and 1 000 min. This relationship can 
be represented by a family of straight lines which 
when produced, pass through the origin. From this it 
was concluded that the austenite present 
in the quenched steel made no measurable con 


resistance examine 


in mercury 
were §87-3° 


Fig.l were 


neyvative 


retained 
tribution to the observed changes in resistance, and 
that the degree of the change after any given period is 
directly proportional to the martensite content of the 
specimen. Thus for a 100°, martensite specimen the 
fractional resistance change P at any time, ¢, is given 
by: 

, /AR\ 


R ) 100 


\R 100 
( R ) WV martensite ° 77 


P| 


martensite 


where Vis actual 


specimen. 


the martensite content of the 
sv calculating all resistance changes in 


terms of this parameter ?, a comparison is permitted 


between the resistance changes obtained on tempering 
different steels at the same temperature. Further, the 


influence of extraneous variations between the 
martensite contents of quenched specimens of the 
same steel could be eliminated 
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1 Resistance changes during isothermal tempering at 66°C of 


specrmens of steel 138 quen hed to various te m pe ratures 


RESISTANCE CHANGES DURING TEMPERING 

Samples of all seven steels were water-quenched to 
20°C and then tempered at 
hetween temperature and 100°C, for times 
extending up to several weeks. The form of the 
resultant resistance changes as a function of time 
found to vary with carbon content, and the 
following results have been grouped together on this 


various temperatures 
room 


Was 


basis 


Steels 19, 47, 69, and 92 
The changes in resistance, P, observed during the 
isothermal tempering of containing up to 
0-92°.C are typified by the curves for steel 69 shown 
in Fig.3. In all four steels the effect of tempering is to 
cause a progressive decrease in the electrical resistivity. 
In agreement with the known kinetics of the first 
stage of tempering the reaction was observed to start 
without an incubation period and to proceed at a 
rapidly diminishing rate. It is apparent from the 
figure that at no temperature does the tempering 
reaction reach a distinct end point. At temperatures 
below 60°C the reaction is still far from complete 
even after several weeks. The curves for 100° and 
120° C, on the other hand, do appear to tail-off after a 
few hours but thereafter follow an almost straight line 
on the logarithmic time plot. This behaviour was 
common to all four steels and is evidently due to the 
onset of the third stage of tempering which overlaps 
the first stage at these temperatures.*: 5 

A comparison of the resistivity changes observed 
in the four steels is given by Table II from which the 
following trends can be recognized. Considering 
steels 47, 69, and 92, the resistivity change caused by 
tempering at 100° C is more pronounced the higher the 
carbon content of the steel. This is as would be 
expected if the decrease in resistivity is due to the 
depletion of the carbon in solid solution. On temper- 
ing at lower temperatures, however, this simple 
relationship no longer holds. After 100 min at 23°C, 


steels 
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Depe ndence of resistance change s afte r the times indicated 
on martensite content; plotted from the results of Fig.1 


for example, the trend is in fact reversed, the resis- 
tivity change in steel 47 (0-544%) exceeding those of 
steels 69 (0-453°%) and 92 (0-349°/). After the 
duration of tempering at an intermediate 
temperature such as 60°C, the greatest resistivity 
change is that shown by steel 69; that is, in order of 
increasing carbon content the resistivity change due 
to this treatment first increases from 1 %, for 
steel 47, to 2-448°%, for steel 69 and then decreases 
to 2-045°, for steel 92. This complex pattern of 
resistivity changes can be considered in terms of the 
interplay of two factors. First, as indicated by the 
results for the 100° C tempering, the magnitude of the 
change which eventually occurs is the greater the 
higher the carbon content of the steel. Opposing this 
trend, however, the rate of resistivity change at 
temperatures of 60°C and below is the greater the 
lower is the carbon content of the steel. This is 
brought out in the final column of Table IL which 
gives the mean rates of the change during the first 
2 min of tempering. 

Although the 0-19°.C steel exhibited the same 
general form of resistivity changes as the higher- 
carbon steels, the magnitude of the decrease was at all 
temperatures considerably smaller, the greatest 
recorded value being rather less than 2°, (Table II). 
The interpretation of these results is discussed later. 
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3 Resistance changes during the isothermal tempering 
martensite in steel 69 
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TABLE I! Resistivity changes during isothermal tempering 





Temper- P °%,, after indicated times 
ing tem- 


perature, 4 min 
Cc 


Initial 
rate, 


10min 10° min 10° min 10‘min °%/ min 
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426 889 397 
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840 
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456 
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Steels 127, 138, and 150 
Referring to Fig.4, the curves for the change of P in 
steel 138 tempered at 90° and 100°C exhibit the same 
form as that observed at all temperatures for the 
lower-carbon steels. However, during the tempering 
of this steel at temperatures of 80°C and below the 
value of P becomes positive, passes through a maxi- 
mum and then decreases rapidly to follow the same 
form of curve as at 90° and 100°C. Eventually the 
curves for all the temperatures from 23° C up to 100°C 
become mutually parallel and remain so throughout 
the remainder of the reaction or until further distorted 
by the inception of the third stage of tempering. 
Initial peaks in the variation of P with tempering 
time were also observed in steels 127 and 150, but 
again only at temperatures of 80°C and below. From 
the data of Table III it can be seen that the extent of 
the positive change in resistivity is a function of the 
initial carbon content of the martensite. Thus the 
height of the peak, the time to reach it, and the time 
at which the curve cuts the P =O axis decrease 
progressively from steel 150 to steel 127, while for 


{ 


4 Resistance changes during the early part of the tempering 
process in steel 138 


127 


TABLE 111 Comparison of three steels which exhibit an 
initial increase in resistivity during tempering 





Tempering Timeto reach 
temperature, peak, 
Cc min 


Resistivity rime to cut 
change (P) at P — 0 axis, 
peak, min 


Steel 


007 25 
325 78 
431 1 000 
738 11 000 


. 041 7 

35 535 220 
440 768 3 900 
4000 042 44 000 


10 624 41 

89 244 760 

1 500 504 14 500 
14 000 934 100 000 





steels containing below 0-92°,C the value of P never 
becomes positive. 

The resistance changes at 100°C, when no maxima 
occurred, were also found to be influenced by the 
initial carbon content of the martensite. The initial 
rates of P at this temperature were found to decline 
progressively from steel 127 to steel 150 (Table LD), 
an effect fully consistent with the trends exhibited at 
lower temperatures in the lower-carbon steels. 


DISCUSSION 

Tempering of high-carbon martensites 
The feature of 
changes the 
the 
tempering at SOC 


the 
tempering of 

initial increase 
and The 
question arises whether the variation in the form of 
the plots of resistance tempering-time is caused by a 
change in the underlying mechanism or whether it is 
simply a manifestation of the effect of temperature on 
the rate of the reaction which, in turn, the 
point to which the reaction has progressed within the 
first minute. The fact that the curves for a particular 
steel eventually attain a common slope on a log time 
plot suggests that the tempering process remains 
essentially the same over the temperature range 
examined (23-100°C). If this be so, it should be 
possible, for any steel, to superimpose the curves 


interesting 
which 
higher-carbon 


most resistance 


occur during the 
martensites 1s 


observed on below 


alters 


determined at various temperatures, by an appropri- 
ate shift of the origin. This test has been applied to the 
data for steel 138 (Fig.4), with the result indicated by 
the curve shown as a continuous line in Fig.5. On 
this plot, the progress of the resistance change at 
any temperature is that given by the portion of the 
curve to the right of the appropriate origin. Judging 
by the closeness with which the curves of steel 138 
can be fitted on the common curve 7 of Fig.5, it 
seems unlikely that the mechanism of tempering in 
this steel is modified by variation of the tempering 
temperature up to 100°C. The same conclusion was 
drawn from corresponding tests made on the results 
for steels 127 and 150 which also display initial 
increases in resistivity during tempering at the lower 
temperatures. 

In considering the cause of the initial increase in 
resistivity which appears as a fundamental effect in 
the tempering of the higher-carbon martensites, 
reference can usefully be made to analogous observa- 
tions of the decomposition of supersaturated solutions 
in other alloy systems. Anomalous resistance changes 
are well known to occur during the age hardening of 
many alloys; in some cases a definite peak is found 
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+ Position of onain for 


temperature indicated 





§ Contributions of the coherency effect (C) and of the depletion 
of carbon in solution (D) to the total resistance change (T) 
during the tempering of steel 138 


in the resistivity curve, while in others, the effect 
appears as an inflection. According to Geisler!> these 
peaks or inflections have a common significance in that 
both can be attributed to a positive component of the 
resistivity change superimposed upon the normal 
decrease due to the depletion of solute. In discussing 


the resistivity changes observed during the ageing of 


an aluminium—copper alloy, Mott!® has pointed out 
that precipitate particles, whose size approximates 
to that of the wavelength of a conducting electron, 
should have an abnormally high resistivity. Thus, 
as the average particle size passes through this critical 
value (5-10 A), so the positive component of the 
resistance change will pass through a maximum. Asa 
general explanation of the anomalies observed in the 
resistivity changes accompanying the decomposition 
of solid solutions, Mott’s suggestion is inadequate 
since in Al-Ag alloys, for example, the particle size 
with the maximum in the resistivity 

least 100-1 000A'? and further, it is 
difficult to appreciate why on this basis an anomalous 
peak or inflection is not an invariable feature of the 
resistivity changes for all precipitation processes. In 
particular, the strength of the positive component 


associated 


curve 1s at 


would not be expected to vary with the degree of 


supersaturation as is clearly the case in the tempering 
reactions which have been studied. 

A more likely cause of the increase in resistance 
during tempering is the lattice strain of the matrix 
which accompanies precipitation!’ since, as is well 
known, the flow. of through a metallic 
conductor is very sensitive to discontinuities in the 
periodicity of the crystal lattice. The most important 
strains are probably those induced by the maintenance 
of lattice coherency between a transition precipitate 
and the matrix.!® Such coherency strains would be 
expected to build up to a maximum as the precipitate 
grows and then be relaxed as it breaks away from the 
matrix to become a discrete particle. If the resistivity 
change due simply to the depletion of the carbon in 
solution in the martensite be assumed to follow the 
same the dilatation which accompanies 
tempering® then it can be described conjecturally by 
the broken line D of Fig.5. When the resistivity 
changes due to this effect alone are subtracted from 
the measured values (curve 7'), a positive component 


electrons 


course as 
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of resistivity change of the form of curve C results. In 
as much as curve C rises to a maximum and then 
decreases to zero, it conforms to the pattern predicted 
by the above argument when the effect of the coher- 
ency strains are summed over all the growing particles. 

Diffraction evidence that e-carbide is precipitated 
in coherent form has been obtained by Jack* and 
subsequently by Folke and Nygren® who found that 
the reflections did not have the same mutual intensity 
ratio as that normally observed for hep phases. The 
relative weakening of the usual intensity of any 
reflection was a function of the angle between the 
particular reflecting plane and the (1011). From this 
Jack inferred that the precipitate took the form of a 
stringlet the axis of which is normal to a (1071) plane. 
Further, as the interplanar spacings of these planes 
are almost identical with the (101) of the martensite, 
Jack proposed that during the precipitation of e- 
carbide the (1011) of the precipitate is parallel to and 
coherent with the (101) of the matrix. 

Since the lattice parameters of martensite vary with 
carbon content, the perfection of matching between 
the (1011) of the carbide and the (101) of the marten- 
site will also depend upon the carbon concentration of 
the martensite. Using the data summarized by 
Roberts!® the spacings of the (101) of martensite have 
been calculated for the steels for which the resistivity 
changes during tempering are known. These values, 
together with an indication of the degree of misfit 
between the (1011) of the carbide and the (101) of the 
martensite, are given in Table IV. A distinct correla- 
tion is to be seen between the degree of misfit and the 
incidence of an anomalous resistivity change; only 
when the misfit is less than about 0-5°, does an 
initial resistivity increase occur during tempering. 
According to this picture it is presumed that in steels 
in which the degree of misfit exceeds this value, the 
precipitate particles break away from the matrix so 
early that any increase in resistivity due to coherency 
is outweighed by the normal decrease due to solute 
depletion. Where this happens, the coherency effect 
would be expected to lead not to an increase in 
resistivity as during the tempering of the higher- 
carbon steels but instead to a diminution in the rate at 
which the resistivity initially falls. This is borne 
out by the measured resistivity changes in steels con- 
taining 0-92°,C and less (Table 11). On tempering at 
60° C or below the rate of fall in resistivity is greater 
in steel 47 than in steel 92; the initial rate measured 
in steel 92 is, indeed, rather less than that for the very 
low carbon steel (0-19°%) 

From X-ray line broadening, Werner, Averbach, 
and Cohen®® have. estimated quantitatively the 
lattice strain in martensite as a function of carbon 
content and tempering treatment. Of particular 
interest are their results for the isothermal tempering 
of a 0-96°, carbon steel which reveal that at 93°C and 
149°C the strains pass through peaks which, following 
the same general pattern as the resistivity peaks 
occur earlier and become less distinct as the tempering 
temperature is raised. Assuming, with the authors, 
that the initial increase in lattice strain is associated 
with coherent precipitation, their results provide good 
support for the present argument that the observed 
peaks are due to coherency strains. On the influence 
of carbon content, however, the requirements of the 
present argument that the degree of coherency should 








King and Glover Resistometric study of first-stage tempering 129 


increase with carbon content conflicts with Werner's 
conclusion that between 0-63°, and 1:43% this 
variable has a negligible influence on the lattice strain. 
Without challenging the broad truth of this conclusion 
there is a difficulty in that it is not known how sensi- 
tive the resistivity may be to coherency strain, and 
the evident scatter in the measurements on which the 
assertion is based might mask a systematic variation 
of lattice strain with carbon content of a magnitude 
sufficient to account for the observed 
carbon on the resistivity peaks. 
Resistance changes in low-carbon martensite 
The immediate significance of the resistivity results 
for steel 19 is that some atomic rearrangement does 
occur during tempering in a martensite containing 
less than 0-25°.C. It will be recalled that the rate 
constant for the first stage of tempering as derived 
from measurements of the associated length changes 
was shown to decrease with decreasing carbon content 
yielding, on extrapolation, a value of zero at about 
0-25°,C.3 The implication that martensite of lower- 
carbon content is not susceptible to tempering agrees 
neatly with the observation of an apparently meta- 
stable 0-25°,C martensite? 3 as a product of the 
tempering of high-carbon steels, and the failure to 
detect, either by X-ray diffraction® or electron 
microscopy,® the presence of e-carbide in a 0-15°,C 
martensite. From this it might be presumed that 
martensite containing than 0-25%.C should 
exhibit no change in resistivity at least until at 
temperatures above about 250° C when the precipita- 
tion of cementite may commence.* ® On the other 
hand, supersaturated ferrite, containing at the most 
only about 0-025°,C in solution, undergoes consider- 
able modification during ageing near room temperature 
with or without prior deformation and_ exhibits 
changes in many physical properties including elec- 
trical resistivity.!°-!? It would seem reasonable from 
this to expect resistivity changes at least as marked 
as those observed in ferrite to occur during the temper- 
ing of low-carbon martensites. 

As can be seen from Table II, the magnitude of the 
resistivity decrease in steel 19 is very much smaller 
than that of the higher-carbon steels. After tempering 
for 104 min at 100°C the resistivity of steel 19 had 
decreased by 1-8°, whilst that of steel 47, for example, 
had fallen by as much as 13-8%. On the assumption 
that the decrease in resistivity arises from the removal 
of carbon from solution in the martensite 


less 


these 


changes can be expressed in terms of the amount of 
carbon removed, provided that the variation of 


resistivity with the carbon content of martensite is 
known. Over the range of alloys used in the present 
investigation, this relationship found to be 
linear,?4 and the absolute resistivity p in wOQcm? cm 
can be expressed by 
p 21-870 i: ee ere 
where C is the wt-°%, carbon content of the martensite. 
To check the validity of this relationship at carbon 
contents below 0-19°%, the resistivity of steel 19 in 
the freshly quenched condition was compared with 
that after tempering for 3 days at 650°C. After this 
treatment the steel would consist of ferrite containing 
of the order of 0-025%C, together with a little 
cementite. 
16-06% is in remarkably good agreement with that 
predicted by the above expression (16-98%); exact 


was 


influence of 


The measured decrease in resistivity of 


TABLE Iv 
martensite 


interplanar spacings of (101) planes in carbon 





Degree of 
misfit relative 
tod 10T1 
«-carbide, 


Anomalous 

resistance 

peaks dur- 
ing tempering 


Carbon 
content of 
steel, 


Investigator a 101 kx 


Jack,’ Folke 


~~ 


Anomalous 
X-ray dif- 
fraction pat- 
terns 

Nil 


Nil 
Nil 
Nil 
Nil 
Nil 
Nil 


Initial in- 
crease 
Initia! in- 
crease 
Initial in- 
crease 


« carbide 


Jack* 


~ 


1 3 (approx 


019 Steel 19 
0-21 Jellinghaus' 
41 Jellinghaus"’ 
47 Steel 47 
69 Steel 69 
79 Jellinghaus' 
92 Steel 92 
7 Steel 127 


www we he wh hw OW 


38 Steel 138 


50 Steel 150 





agreement is not to be expected since the presence 
of cementite in the fully tempered steel would, as is 
found, cause the measured resistivity to be a little 
greater than that for ferrite alone. Thus it is estab 
lished that equation (2) holds for all values of carbon 
down to 0-025°, and can be used to relate an observed 
decrease in resistance to the depletion of the dissolved 
carbon, even in steel 19. The resulting value for 
the decrease in carbon content of the martensite of 
steel 19 after tempering for 1O* min at 100°C is 0-018% 
compared with 0-170°, for steel 47 after the same 
treatment. The marked disparity 
g radical difference 
underlying tempering mechanisms. 
The magnitude of the resistivity change in steel 19 
(1-8°% after 104 min at 100° C) is similar to that which 
accompanies the ageing of supersaturated ferrite, 
typical values for which are 1-7°%,"! and 2-8°,,'* after 
quench ageing and 2-88°, after strain ageing!? for 
about 104 min at 90°C. Although the overall decrease 
in resistivity is much the same whether or not the 
ferrite is deformed before ageing, the kinetics of 
quench ageing differ significantly from those of 
strain ageing. The latter has many times 
been shown to conform to a ¢*/* law as predicted by 
the theory which associates the incidence of strain 
ageing in iron with the diffusion of carbon (or nitro- 
gen) to dislocations.*32 On the other hand for quench- 
ageing, which involves the precipitation of carbide, **: 4 
observed values of the time exponent have ranged 
from 1-2 to 1-7. 12,25 A direct comparison of the 
two processes in the same 0-018°,C steel was made by 
Dahl and Liicke!? who found that a deformation of 
5-3 made immediately after quenching reduced the 
time exponent for subsequent ageing, as measured 
by the change in electrical resistivity, from 1-26 to 
0-76. The time exponent for the tempering of steel 19, 
as given by the slope of the initial parts of the curves 
of Fig.6 is almost exactly 2/3, i.e. the value associated 
with strain ageing. This suggests that the tempering 
process in low-carbon martensite consists initially, at 
least, in the segregation of carbon atoms at disloca- 
tions. Unfortunately, it was not possible to compare 
the time exponent for tempering in steel 19 with 
those for the higher-carbon steels, in which carbide 
precipitation is known to occur, as the initial rates of 
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6 Relationship between log P and log t at various temperatures 
for steel 19 


the resistivity changes in the latter varied in a rather 
complex manner with temperature. Since martensite 
forms by a shear mechanism the density of disloca 
tions in this structure can be envisaged as being of 
the same order as in cold-worked ferrite. Thus, it is 
reasonable that the segregation of carbon atoms at 
dislocations should afford a competitive means for their 
removal from solid solution. If, moreover, the precipi- 
tation of carbide should be difficult for some reason, 
e.g. the coherency strains in this alloy are expected to 
be excessive (Table IV) then the formation of carbon 
atmospheres at dislocations will become the dominant 
process. Evidence of the delicate balance which 
obtains between the interaction of carbon atoms with 
dislocations and with the nuclei of the carbide phase, 
respectively, is provided by the 
Wilson*® that if a medium-carbon martensite (steel 
47 of the present series) is sufficiently cold worked, the 


normal precipitation of e-carbide in the first stage of 


tempering can be restrained. 

The conclusion that the resistivity change during 
the tempering of the 0-19°C is due to the 
migration of carbon atoms to dislocations rather than 
the precipitation of carbide, is in accord with the 
stability of the low-carbon martensite 
formed along with e-carbide during the tempering of 
high-carbon steels. Further, if tempering is followed 
by the measurement of the variation in such structure 
insensitive properties as density (or associated length 
changes) and lattice constants? then according to the 
present view, it is to be expected that changes would 
be observed in high-carbon which 
tempering causes a phase change, but not in low 
carbon martensite in which the process is the clustering 
of carbon atoms. By the same reasoning, it is under- 
standable that no carbide precipitation has been 
observed in low carbon martensite after tempering in 
the normal first-stage tempering range®.®.*? yet its 
presence has been detected in quench-aged ferrite of 
much lower carbon.23. 24 


steel 


obsery ed 


martensites, in 


Activation energy for the first stage of tempering 

Despite the initial anomalies, the curves of resis- 
tivity change v. log time for each of the steels at the 
various temperatures become parallel after a time and 
remain so over a wide range of values of P. The 
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7 Relationship between log t and 1/T after various degrees of 
tempering for the seven plain carbon steels 


activation energy for this part of the reaction was 
determined by the usual method of plotting the 
logarithm of the time to reach a certain stage of the 
reaction against the reciprocal of the absolute 
temperature. If there be a unique activation energy 
this plot should yield a straight line, from the slope 
of which the activation energy can be evaluated. 
Figure 7 shows the results obtained for each of the 
steels at four different values of P. To within the 
experimental limit, every plot of 1/7’ v. log t gave a 
straight line. Further, over a wide range of P values 
the lines for any one steel are parallel; thus for each 
steel there is a unique value of activation energy for 


t 


Re lationship between the activation enerqy of the jirst stage 
content of the 
Comparison of present results (Fig.7) with those of other 


of tempering and the carbon martensite. 


investigators (Table V) 
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TABLE V_ Previous determination of activation energy of 
the first stage of tempering 





Re-cal- 

Carbon Reported culated 

content value of 
of steel, Q, cal 
9 mole 


Corrected 
value of value 
Q, cal of Q, 

mole cal 
mole 


27 000"" 


Investigator Method 


Averbach 
and Cohen‘ 

Kurdjumov 
and Lys- 
sak** 


Roberts ef Precision 
al.* length 





Precision 07 
length 


X-ray 1-00 
diffraction 


26 000° 
(+ 3000) 
Jellinghaus'*® Electrical 
resistance 





the tempering process. The resultant values for the 
activation energy are represented by the closed circles 
of Fig.8 in which they are plotted against the carbon 
content of the martensite. The activation energy is 
seen to increase linearly with the carbon content over 
the whole composition range investigated. 

A summary of previously reported activation 
energies for first stage tempering is given in column 4 
of Table V. The results obtained by applying Zener’s 
correction”® to the data of Averbach® and the amend- 
ments suggested by Lement and Cohen’ to the results 
of Roberts* appear in column 5. Most of these 
investigators have assumed the activation energy to 
be invariant with the carbon content of the steel and 
have associated it with the activation energy for the 
diffusion of carbon in ferrite. For example, Roberts 
has taken an average value for all five steels. How- 
ever, on close scrutiny it is found that the slope of the 
plot of the rate constant (from which the activation 
energy was evaluated) against 1/7’ varies significantly 
from steel to steel (Fig.14 of ref. 3). By taking the 
best slope of this plot for each individual steel, and 
correcting according to Lement and Cohen,’ the 
values listed in column 6 of Table V were calculated 
While these values are only approximate, it is apparent 
that the general trend of the results is to indicate that 
the activation energy with the carbon 
content of the martensite. Although the value of 
20 600 cal/mole reported by Jellinghaus!? for a 
0-79°°C steel is indeed in good agreement with the 
activation energy for the diffusion of carbon in 
ferrite, it would seem that in deriving this value the 
data obtained for tempering at 40° and 20°C have 
been ignored even though the latter results were 
apparently reproducible. Taking account of the 20 
and 40°C points on the plot of the rate constant 
against 1/7' (Fig.9 of ref.13), an activation energy of 


increases 


hile whor tom «tes 
. Ay € J s 


Interstitial diffusion paths for carbon atoms in bee ferrite 


‘ronibited carbon atom sites 


10 Interstitial diffusion paths for carbon atoms in bet marten 
site 


about 24 650 cal/mole is With these 
amendments, the previously determined activation 
energies are seen from Fig.8 to be fully consistent 
with the straight line yielded by the present results 

Since the activation energy for tempering proved 
to be constant throughout the major part of the 
process, it is reasonable to associate the unique value 
obtained for each steel with the underlying mech 
anism involved, i.e. the diffusion of carbon through 
the martensite. It follows, therefore, that the activa- 
tion energy for the diffusion of carbon in martensite 
increases linearly with carbon content. This behaviour 
is in marked contrast to the effect of increasing the 
amount of carbon in solution in austenite which is to 
reduce the activation energy for carbon diffusion.” 
Now the principal effect on the crystallographic 
structure of bet martensite brought about by raising 
its carbon content, is to increase the axial ratio. It is 
of interest to consider the probable effect of such an 
increase in the degree of tetragonality on the acti 
vation energy for the diffusion of carbon through the 
lattice, assuming that to a first approximation the 
carbon atoms behave like hard spheres 

In ferrite the majority of the carbon atoms occupy 
the octahedral interstices at the mid-points of the 
cell edges (0, 0, 4: O, 4, 0: 4, 0. 0) and at the face 
centres (4, 4, 0; } 0. }: 0, 4, 4),%) 32 the remainder 
being in the tetrahedral positions midway between 
any two adjacent octahedral sites on a cell edge or 
face centre (0, }. 4; ete.). The position of the available 
octrahedral sites are illustrated in Fig.9. the 
maximum solubility of carbon in ferrite is very small 
only one in several thousands of these available sites is 
occupied by a carbon atom 


obtained 


Since 


hence all neighbouring 
sites to any particular carbon atom can be assumed to 
be vacant. The diffusion path of a carbon atom from 
one octahedral site to another will be via the tetra 
hedral positions midway hetween them: i.e. the paths 
A-B-B’ or A-B-C-C’ in Fig.9. The activation 
energy for diffusion is to be considered as an energy 
barrier against the transfer of a carbon atom from one 
interstitial site to another. All that is necessary in the 
movement of a carbon atom from any octahedral site 
to the adjacent tetragonal site is that it should move 
aside from the two iron atoms pressing most closely 
upon it.4% Thus the activation energy will be mainly 
associated with the forcing apart of the two closest 
iron atoms at the new octahedral site 

In tetragonal martensite the atoms 


carbon are 


Journal of The Iron and Steel Institute October 1959 































132 


situated in the octahedral interstices at the mid-points 
of the log cell edges 0, 0, 4, and at the centres of the 
faces normal to these edges 4, 4, 0. ** 34 Even in a 
martensite containing 1-7°%C, still only one in 12 of 
the available sites are filled, and hence all neighbour- 
ing sites to any carbon atom may be considered to be 
empty. The diffusion path of a carbon atom from one 
available site to another must pass through at least 
two tetragonal sites, and one prohibited octahedral 
position, i.e. the paths A-B-B’ or A-B-C-" in 
Fig.10 where sites B and C are prohibited. Although 
some of the tetrahedral sites in martensite have been 
enlarged and others decreased as compared to the 
equivalent sites in ferrite, the movement of a carbon 
atom from any octahedral position to an adjacent 
tetragonal position remains relatively easy.** On the 
other hand Petch** has demonstrated that for the 
prohibited octahedral sites, the distance between the 
centre of the interstices and the nearest iron atoms is 
decreased as the carbon concentration is raised. Thus 
the energy barrier against the passage of a carbon 
atom through the prohibited octahedral sites would 
be expected to be greater than that opposing the 
passage of a carbon atom in ferrite, and to be raised 
as the carbon content of the martensite is increased. 
This is in keeping with the experimentally determined 
relationship of Fig.s. 

From the relationship of Fig.8 the activation energy 
for carbon diffusion (Q,) in martensite can be expressed 
as a function of the carbon content (C) by: 

Q. & 5000 18 000 cal/mole ........ (3) 

The value of 18 000 cal/mole which equation (3) 
yields for the value of Q, corresponding to 0°C lies 
somewhat below the activation energy for the diffu- 
sion of carbon in ferrite obtained from internal friction 
measurements by Wert.*® In view of the extreme 
precision with which Wert’s value of 20 100 cal/mole, 
was obtained and the evident reliability of equation 
(3) at least above 0-19°,C, the disparity between the 
two values, though small would seem to be significant. 
A possible explanation of this disparity is that at low 
concentrations, the carbon in martensite is incomplete- 
ly ordered.*® Although it is generally assumed that the 
axial ratio of martensite decreases linearly to unity as 
the carbon content is reduced to zero, no direct 
measurements of lattice parameters have been made 
at carbon concentrations below about 0-3°%.”° It may 
be, therefore, that at low-carbon contents the activa- 
tion energy for the diffusion of carbon in martensite is 
reduced to below that for ferrite, i.e. Q@, decreases with 
increasing concentration as is found for austenite*® 
and which conforms to the usual trend for solutes 
in random solution. Only at carbon contents at which 
the martensite is predominantly tetragonal would Q, 
be expected to increase with carbon content according 
to the reasoning depicted in Fig.10. 

An alternative view of this discrepancy of some 
2000 cal/mole is suggested by the fact that even in 
ferrite the activation energy for ageing lies below that 
for carbon diffusion by a similar amount 5. *7 and in 
fact agrees closely with the extrapolated value of.Q, 
given by equation (3). This could mean that the values 
of Q, for tempering are a little lower than the activa- 
tion energy for carbon diffusion at all carbon con- 
centrations. Until the cause of the discrepancy in the 
case of ferrite has been elucidated, however, the merit 
of such an assumption is difficult to judge. 


Journal of The tron and Steel Institute October 1959 





King and Glover Resistometric study of first-stage tempering 





ACKNOWLEDGMENTS 


The authors wish to express their appreciation to the 
management of British Timken Ltd for the financial 
support of the programme of research of which this 
work is a part. Thanks are due to Professor G. V 
Raynor, D.Se., F.R.S., under whose direction the 
work was carried out and to several colleagues, parti- 
cularly Dr D. V. Wilson, for helpful discussion. The 
ready assistance of Mr J. E. Russell of the English 
Steel Corporation Ltd and Mr J. Woolman of the 
Brown Firth Research Laboratories in the supply of 
suitable steels is greatly appreciated. 


REFERENCES 


1. W.S. Owen: JISI, 1954, 177, 445-449 
2. J. Kurpsumov and L. Lyssak: ibid., 1947, 156, 29-36 


3. C. S. Rosperts, B. L. Aversacu, and M. Conen: Trans 
ASM, 1953, 45, 576-599 

4. K. H. Jack: JIS/, 1951, 169, 26—36. 

5. G. Fouke and E. NyGren: Jernkont. Ann., 1955, 139, 
250-264 

6. B. L. Aversacn and M. Coen: Trans. ASM, 1949, 41, 


1024-1057. 
7. B.S. LEMENT and M. Cowen: Acta Met., 1956, 4, 469-476 


8. B. S. Lement, B. L. Aversacu, and M. CoHEN: Trans 
ASM, 1954, 46, 851-877 

9. E. D. CampBeEL: J/S/, 1918, 98, 421-426. 

10. A. H. Corrretye and A. T. CoHurcHMAN: tbid., 1949, 162, 
271-276. 

ll. H. J. Seeman and W. DickENscHEID: Rev. Mét., 1952, 
49, 379-483. 

12. W. Danu and K. Licke: Arch. Eisenhit., 1954, 25, 
241-249. 


13. W. JELLINGHAUS: thid., 1956, 27, 433-448 

14. R. W. Powe ut: J/S/, 1946, (2), 105p—-L1L 1p 

15. A. H. Geiser: ‘Phase transformation in solids’, 387-535; 
1951, New York, Wiley 


16. N. F. Morr, in discussion: J. Inst. Metals, 1937, 60, 
267-268 

17. A. H. Getscer, C. S. Barrett, and R. F. Ment: Trans 
AIME, 1943, 152, 182-200 


18. R. F. Ment and L. K. Jerrer: 
ASM. 342-417; 1940 

19. C. S. Roperts: Trans. AIME, 1953, 197, 203-204. 

20. F. E. Werner, B. L. AVERBACH, and M 
ASM, 1957, 49, 823-839 


Age hardening of metals’, 


COHEN: Trans 


21. H. W. KinG and 8S. G. GLoveERr, in discussion: JIS], 1958, 
188, 61-62 

22. A. H. CoTrrRecyi and B. A. Bitsy: Proc. Phys. Soc., 1949, 
(A), 62, 49-62 

23. A. L. Tsov, J. Nutrine, and J. W. Mentrer: J/S/, 1952, 
172, 163-171 

24. G. LAGERBERG and B.S. LEMENT: T'rans. ASM, 1958, 
50, 141-161 

25. C. A. Wert: J. Appl. Phys., 1949, 20, 943-949 

26. D. V. Witson: Acta Met., 1957, 5, 293-302 

27. B.S. Lement: Trans. AIME, 1959, 215, 163-164 

28. G. Kurpgumov and L. Lyssak: Zhur. Tekn. Fiz., 1949, 
19, 527-531 

29. C. ZENER, in discussion: T'rans. ASM, 1949, 41, 1057-1058 

30. C. WELLs, W. Bartz, and R. F. Meat: Trans. AIME, 


1950, 188, 553-560. 
31. J. L. SNork: Physica, 1941, 8, 711-733 
32. G. K. Wriuiamson and R. E 
1953, 6, 361-362 
33. N. J. Petcou: JISI, 1943, (1), 221P-227p 
34. H. Lipson and A. M. B ihid.., 
1135p 
35. C. A. Wert: Phys. Rev., 1950, 79, 601-605. 
36. C. Zener: tbid., 1948, 74, 639-647. 
37. R. H. Doremus: Acta Met., 1959, 7, 399-402. 


SMALLMAN; Acta Cryst., 


PARKER 1944, (I), 123e 





Surface fracture markings on 


alpha iron crystals 


C.F. Tipper, Sc.D., D. 1. Dagg, B.Sc., and O. C. Wells, Ph.D. 


SURFACE MARKINGS on fractured crystals are of two 
kinds. One is common to crystalline and amorphous 
materials and is regarded in consequence as being only 
indirectly related to the crystalline nature of the solid. 
The other kind follows definite crystallographic 
directions. The markings may take the form of 
secondary cracks, or steps, of varying dimensions. 
Considerable work has already been done on their 
identification. 

The work to be described is confined to the study 
of cleavage fractures in x-iron, which frequently occur 
on planes parallel with the cube faces of the body- 
centred cubic lattice when the metal is broken at low 
temperatures, when embrittled by hydrogen, or at 
normal atmospheric temperatures when alloyed with 
silicon. The material used in this investigation was a 
low-carbon iron, a decarburized mild steel, and a 
silicon iron containing 4°5°,Si, all in the form of 
single crystals which were broken in tension (eylindri- 
cal specimens) or bending (flat strips). The iron and 
decarburized mild steel were broken in liquid nitrogen; 
the silicon iron fractured by cleavage at room tem- 
perature, but many of the crystals investigated were 
tested at low temperatures to obviate distortion before 
fracture. All materials, however, showed the presence 
of Neumann lamellae on examination after fracture. 
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Block system, river markings, and pits on cleavage surface of 
carbonyl tron 150 


SYNOPSIS 

The paper summarizes the results of observations, 
making use of normal metallographic methods and of the 
electron microscope, for the study of cleavage fractures 
in a-iron. Most of the striations on the surface can be 
attributed to the presence of Neumann lamellae, i.e. 
twins on planes of indices {112}, which have formed 


just before fracture or during the course of fracturing, or 


to non-crystallographic differences of level, which are 
common to fractures in both crystalline and amorphous 


substances. 1625 


The work may conveniently be considered in three 
parts. The first describes results of observations based 
on normal metallographic and_ crystallographic 
methods. The second gives some preliminary results 
obtained with a scanning electron microscope de 
veloped in the Engineering Department, Cambridge 
University!-?.3 and compares the photographs ob 
tained by this means with those of a normal optical 
microscope and with structures revealed by the 
replica method of electron microscopy. The third part 
gives a summary and possible interpretations of the 
structures observed. 


RESULTS OBTAINED USING NORMAL METALLO- 
GRAPHIC AND CRYSTALLOGRAPHIC METHODS 


Figures 1-3, and 5, are characteristic of the structures 
investigated and show three main types of markings: 


2 Marked pit flake formation on cleavage surface of carbonyl 


iron « 150 
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(a) marked striations intersecting at 90°, forming 
rectangular blocks which are associated with differ- 
ences in level; (4) striations which fan out from centres 
of fracture origins, sometimes referred to as a ‘river 
pattern ,4 a feature which is common both to crystal- 
line and amorphous substances of widely differing 
structures and compositions; (¢) much smaller mark- 
which somewhat etching pits, but 
which often project above the surface. Figure 3a and b 
are of the opposite surfaces of the same crystal. The 
pattern on one face is the mirror image of that on the 
other 

All these have recorded in both 
monocrystalline and polycrystalline material of a 
variety of compositions and treatments. Zapffe and 
Moore® showed all three on the surface of irons em- 
brittled by hydrogen. In discussing the results of this 


resemble 


Ings, 


structures been 


investigation Barrett and Derge® attributed the 
larger, straight line markings to the presence of 


Neumann lamellae, i.e. twins on {112} planes. 

Tipper and Sullivan’ attributed the large striations 
on cleavage fractures of silicon ferrite to the inter- 
section of Neumann lamellae on these surfaces. 

The small markings have not identified 
Crussard et al.* have shown electron micrographs of 
replicas obtained by the carbon deposition method on 
fracture surfaces and they refer to the projections as 
‘tongues . 

It will suftice to describe the results obtained on two 
erystals, one broken in tension, A; one in bending, B. 


been 
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3 Crystal A (a) cleavage surface, (b) the other half of (a), 


and (c) the same as (b) polished and etched 200 





Identification of the large blocks was made by 
photographing and measuring the inclination of the 
marks on the fracture surface, relating them to 
structures developed after grinding and polishing this 
surface, and to surface markings such as Neumann 





4 Crystal A 


traces of lamellae on polished surfaces 


the points marked N L were obtained hy measuring 











5 Crystal B 
due to a small intruded crystal 


(a) fractured surface, 


lamellae, which appeared on a 
previous to fracture, or 
polished after fracture. 

The fracture surfaces of crystal A (shown in Fig.3a 
and 6b) was in a strip of decarburized steel, 5 em long 
1 cm wide x 2 mm thick, which was broken by bend- 
ing in four-point loading in liquid nitrogen. The beam 
was not monocrystalline, but a single crystal occupied 
the whole where fracture actually 
occurred. The polished face was on the tension side 
and two sets of Neumann lamellae formed on this face, 
but no slip bands. The beam was slightly distorted, 
but the fracture surface was plane, apart from local 
irregularities. 

One of the fracture surfaces was mounted, ground 
polished, and etched. Figure 3c shows the appearance 
of the surface at the exact location of Fig.3a. Neumann 
lamellae occupy the positions previously held by the 
steps. The polished surface was also lightly ground and 
repolished and two further sections were examined at 
right-angles to this face, i.e. through the strip thick- 
ness. Finally, the face opposite to that originally 
polished, i.¢ 
also polished. 

A stereographic projection was made incorporating 
all these measurements in relation to the crystal 
structure. Figure 4 shows that all the plotted points 
lie on possible planes of indices {112}! inclined to the 
fracture plane (O01), at 35-36°. 

Crystal B was in the form of a cylindrical bar 
(0-15 in. dia.) of carbonyl iron broken in tension. The 
rectangular block system was very marked although 
there was distortion due to the presence of 
intruded small crystals. The fracture surface of this 
crystal is shown in Fig.5a. Figure 5b shows the same 
field after removal of 0-002 in. parallel to the fracture 
face. There is more distortion in this 
crystal and less good agreement between the surface 
steps and the Neumann lamellae. It must be re- 
membered, however, that the more material removed 
the less good agreement is likely to be. 

Reference to Fig.4, crystal A, shows that traces of 
Neumann lamellae corresponding to the planes (112) 
and (112)* appeared on all polished sections and on 


surface polished 
on sections ground and 


cross-section 


the compression side of the beam, was 


some 


evidence of 





* Note that these planes intersect the polished face of the 


specimen at the same angle and are indistinguishable on this face 


and (b) same field as (a) ground and polished 
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hottom left corner wae 
x 150 


The distortion in the 


the fracture, which they intersect at 90° to each other. 
Two other planes (112) and (112), also intersect the 
fracture plane at 90° and a few strongly marked 
lamellae corresponding to the intersection of these 
planes on the originally polished face were recorded, 
as well as on the corresponding face on the compres- 
sion side, which was polished subsequently. Traces of 
all four planes should have appeared in sections cut 
through the strip thickness, but only two could be 
seen on two independent sections and these agreed 
more closely with the (1 12) and (112) planes than with 
(112) and (112). Should the maximum shear stress law 
apply to twin formation, twinning on the (112) (Tit] 
and (112) [111] planes and directions would be 
expected in preference to any other, and it is probable 
that these planes contributed to the block formation 
in this crystal. 

The lamellae were more numerous on the surfaces 
Few appeared in the centre of 
the strip except adjacent to the fracture surface. It has 
been noticed both in tensile and bend tests that many 
of the lamellae are not extensive and may be regarded 


of the test specimen 


as consisting of bars or plates of limited dimensions 
rather than of planes traversing the full section 
Sections of both crystals were cut in order to study 
the intersections of the lamellae with the fracture 
surface, and to determine the angle which the sides 
of the blocks made with the cleavage face. The steps 
referred to, reflect the light in a regular mannet 
Owing to their small dimensions, attempts to measure 
this angle were only partially successful in a 
The mean was about 36—38°. 


two 
circle goniometer 

A previous measurement of the angle of intersection 
by Zapffe*® is recorded and Berry '.'® has recently 
determined 35° for the intersection of the steps on the 
cleavage plane on sections cut perpendicular to a {110} 
direction. Both Berry and Klier™.".1® showed steps 
at the intersections of Neumann the 
cleavage plane and, in some instances, cracks followed 
the twin interface, leading to the conclusion that 
cleavage also occurs on planes of indices {112}. This 
plane, however, is also one of the possible slip planes 
in the iron lattice. 

Sections of the fracture of erystal A made 
parallel with the previously polished face. Figure 6a 
and 6 show the steps following the intersections of the 


lamellae and 


were 
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6a and b 


( rystal 1 


formed at the intersection of lamellae with the cleavage surface 


Sections cut parallel to face 1, Steps are 
/ J } 


Note the internal crack running on beyond the step in (b) 


Neumann lamellae. Figure 7 also shows an internal 
crack parallel with the main fracture crossing one of 
the same set of lamellae forming a discontinuity and 
step parallel with the twin interface, but Fig.8 shows, 
at another spot of the same crack, that a crack has 
formed in the twin itself which might be due to 
cleavage within the twin. Other examples of such 
fractures were observed and Berry'®.!® reported simi- 
lar cracks which he considered might be attributable 
to cleavage within the twinned metal. Owing to their 
small dimensions, it is not possible to measure the 
inclination of these cracks nor to identify the plane. 
It is clear, however, that where the fracture is diverted 
in this way, the inclinations of the steps to the 
fracture plane would differ from those which follow 
the twin interfaces. 

Crystal B was cut so that the plane of section was 
at right angles to the block system on the surface. 
One of these sections is shown in Fig.9. The mean of a 
number of measurements on both sets of striations 
intersecting the surface at 90°, was 36-38 

Thus, there is ample evidence from all sources, that 
the major block pattern found on the fracture surface 
of iron crystals, which have parted by 
parallel to the {100} planes, is due primarily to the 
previously formed Neumann lamellae which have 
converted the crystal into a group of nearly parallel 
blocks. 

Some of the steps were sufficiently large for micro- 
scopical examination of the surfaces to be made. This 
was accomplished by turning the specimen until the 
plane of the step was normal to the objective and 
incident light. Most of them showed a number of 
striations, some resembling Neumann lamellae, others 
slip bands. Some of the wide marks are probably 
caused by the intersection of crossing twins. In 
Fig.10, planes of indices (112) and (112) for example 
intersect along the [3017] direction which is inclined 
at an angle of 50° to the fracture plane and this angle 


cleavage 
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Internal crack forms a step by following twin interface S00 


has been recorded on some faces. At present it is not 
possible to give an explanation of the fine markings. 
They are also prominent on some electron diffraction 
replicas to be described later. It should be remembered 
however, that the outlines of Neumann lamellae are 
often irregular and that when separation occurs by 
shear parallel with the interfaces, as it must in the 
parting of the crystal and the formation of steps, 
these irregularities will striations on the 
surfaces of the lamellae. 

Closely related to the major markings are those 
referred to in category (c), p.134. Figure 2 shows a 
large number of these regular marks resembling etch 
pits, which are roughly triangular in shape. The base 
of the triangle was always found to be parallel with 
one of the block systems and sometimes an area was 
found, e.g. Fig.11 two sets at right-angles 
corresponded clearly with the two major directions 
of the rectangular blocks. Hence, it was deduced that 
there was some relation between the two types of 
surface markings and a tentative explanation is 
proposed in the summary when further information 
on the structure of these markings has been given. 


show as 


W here 


RESULTS OBTAINED WITH A SCANNING ELECTRON 
MICROSCOPE 


The electron microscope has been used in two ways 








8 Internal crack crosses and fractures wide twin lamella 800 








9 Section through crystal B at right angles to one set of lamellae 
< 500 


in order to investigate the small surface markings on 
cleavage fractures of «-iron. 

In 1952, Dr A. Revere, Washington DC, made 
replicas from the cleavage face of crystal 9 of the paper 
by Tipper and Hall,!* which showed a pronounced 
block formation. Figures 12 and 13 are examples of the 
structures obtained and these may be compared with 
Fig.10 which was obtained in an endeavour to confirm 
the structures on the replicas, and also with the photo- 
graphs recently published by Crussard and_ his 
associates.’ The structures shown by Dr Revere’s 
replicas may sometimes be attributed to steps and 
twins constituting the block system, but there are also 
smaller ridges or showing striations 
resembling those in the larger structure. In some areas 
there are much smaller projections and pits, the last 
being clearly seen on a particularly smooth part of the 
fracture face in Fig.13. 

Recent improvements in the scanning electron 
microscope? made it possible to obtain photographs 
directly from the cleavage faces of some of the crystals 
described in the investigations carried out. 

Preliminary experiments showed the advantages 
likely to accrue from this method. Figure 14a and 6 
are optical and electron micrographs of the same field 
in a region of the fracture surface where the structure 
was chiefly of the ‘river pattern’ type. The difference 
in appearance is partly due to the fact that the angle 
of incidence is normal to the surface in the optical 
photograph and at 45° to it in the electron micrograph. 
This is made possible by the greater depth of focus. 
Experiment showed that if the incident beam was 
normal to the surface there was little advantage to be 
gained over a high-power optical photograph. With 
the beam at an angle, however, the structure stood up 
clearly in relief, and fine lines in the optical photo- 
graph appeared as steps in that of the electron 
micrograph. 


depressions 


The surfaces chosen for investigation were the two 
fractures shown in Fig.3a and 4. which are mirror 


10 Surface of ‘step’, crystal B, normal illumination 
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Small surface markings following both directions of block 


system 800 


images of one another. The regions of special interest 
were those near the centre of the cross made by the 
intersecting Neumann lamellae. Photomicrographs 
showed the presence of small surface irregularities, 
which corresponded exactly in position on both 
surfaces. These are shown in the top two photographs 
of Fig.15. Photographs obtained with the electron 
microscope are shown below. It is clear from these 
photographs that the irregularities are 
projecting flakes matched by pits on the opposite 
cleavage face. Both pits and protuberances were all 
aligned to one or other of the large steps of the block 
system. It is reasonable to conclude, therefore, that 
they are also related to the crystal structure and to 
the Neumann lamellae. 

By taking photographs with the electron beam 
scanning the specimen from two directions at 90°, a 
special holder being constructed to rotate the speci- 
men about a vertical axis, Wells? was able to calculate 
the angle which the flakes shown in Fig.15 made with 
the (O01) plane. The large flake consisted of two zones 
inclined at 29° and 20 5° respectively. 


some of 


SUMMARY 

While there is now little doubt that the large blocks 
on the fracture surfaces of these crystals are caused by 
the intersection of Neumann lamellae, it is still neces 


sary to consider what happens when a propagating 
fracture meets a lamella in its path. The striations 
which constitute the ‘river pattern’ are a good guide 


to the direction of fracture propagation. A study of 
photographs, in particular Figs.1—3, reveals that the 
lamellae cause little disturbance in the pattern while 
they are parallel with the direction of propagation, 
but arrest the fracture when they are encountered at 
right-angles to this direction, often, when they are 
traversed, leading to re-initiation and propagation in 
a different direction. Note in particular, the centre 
block of Fig.1, and the centre of the cross in Fig.3a 
and 6. Re-initiation is also on a different plane, form 
ing the step already noted. The lamella, being of a 
different orientation to the main crystal, acts in every 
respect as a crystal of a different orientation in the 
way of a propagating fracture. An example of an 
included crystal is shown in Fig.16, and it will be seen 
that this crystal has deformed before fracture so that 
it projects above the cleavage surface. Similarly, it 
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12 Electron microscope replica of crystal. Cleavage surface showing striations on flakes and steps 


may be postulated that the Neumann lamellae deform 
before fracture on planes parallel with their slip 
planes, unless they are suitably disposed for cleavage. 
One of the possible slip planes is the composition plane 
of the twin, common to both the main crystal and the 
twin. If shear occurs on this plane, an inclined step 
will result, such as that found along the sides of the 
rectangular blocks. 

Not all lamellae which appear on a polished surface 
contribute to the block system. The number far 
exceeds the number of blocks, and many do not reach 
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10000 


the fracture surface. It is the wide and most extensive 
bands which coincide with the large steps or blocks. 
These are probably the first formed, those forming 
later being smaller, interrupted, and often irregular, 
due to the distortion caused by the initial group. The 
smaller ones may form blocks within the large block 
and interrupt the fracture to a lesser extent, but 
nevertheless give rise to a discontinuity, such as those 
shown in Fig.5. It is probable that a further number 
are initiated by the fracture itself as suggested by 


Tipper and Sullivan.? Some of the very short ones 








¥ 
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13 Electron microscope replica of crystal. Cleavage surface showing pits 


near the crack, confined to one surface, may be due 
to this cause (Fig.17). 

The close connection between cleavage in bee metals 
and twin formation led Bruckner! to suggest that 
cleavage originates at the twin interfaces, although 
service fractures, consisting chiefly of cleavage may 
show no Neumann lamellae. Cahn,!4 however, has 
shown how cleavage cracks can arise at the inter- 
section of Neumann lamellae in molybdenum crystals. 
When twins formed there were cracks; without twins 
the crystals deformed without cracking. Bell and 


10000 


Cahn!’ have also confirmed the importance of twin 
formation in initiating cleavage fractures in zine. 
There is evidence, on the other hand, that the 
lamellae act as crack arresters, in much the same way 
as a tough, ductile steel plate joined to a brittle one 
may temporarily arrest fracture propagation by 
itself deforming plastically. If the lamella is restrained 
from deforming, a new crack may be initiated at a 
discontinuity such as that of its opposite boundary, 
and when this has occurred, the lamella is free to 
deform and fracture, its two ends projecting above the 
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14 (a) Optical photograph ( 


}00), and (b) scanning electron 


mew rograph of (qa), angle of incide nce 45 


cleavage surface, giving rise to the fins or 
shown in Figs.12, 15. 

As demonstrated in Figs.6 and 7, cracks sometimes 
follow the twin boundaries and this might readily 
occur if the fracture path passed close to the end of a 
twin. If the fracture followed round the end, rather 
than traversing the twin, a projection on one face 
would coincide with a depression on the other. The 
existence of both projecting flakes and pits has been 
demonstrated (Figs.15 and 17). 

The shape of the flakes and pits calls for comment. 
The tips of the flakes are rounded and slightly irregu 
lar. In the first place, some distortion may be expected, 
either due to accidental damage. or to plastic deform- 
ation within the lamella. Secondly, the ends of the 
lamella are tapered, so that should the fracture 
follow the twin boundary the angle which the project- 
ing end makes with the main crystal is likely to deviate 
from that of the twin as a whole. Assuming that the 
projections are the ends of twin lamellae as suggested 
if there no distortion, the angle between the 
surface of the projection and the fracture surface 
should be approximately 36°. The angle calculated by 
Dr Wells, for one flake only, was 20°-29° +5 

The absence of pits and projections on some areas 
of the cleavage surface is in accordance with the 
absence of Neumann lamellae. What is more difficult 
to explain is the very large number of very small 
flakes, shown in Fig.15. They still maintain a regular 
alignment parallel with the {112} planes, so that it is 
reasonable to conclude that they have essentially the 
same geometrical structure as the larger ones. Slag 


tongues 


were 
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15 Both fracture 


micrographs showing flakes and pits 


surfaces of crystal A. Optical and electron 


{ingle of incidence 45 





inclusions have not been found to give rise to geo- 
metrical surface markings and the ‘river pattern’ 
markings still maintain smooth outlines, essentially 
non-crystallographic in character, merging into those 
of geometrical form. 

Finally, attention is drawn to the fact that, even in 
the cleavage of single crystals, there is evidence of 
prior plastic deformation, by which the crystal is 
subdivided into a system of nearly parallel blocks, 
thereby causing a reduction in effective grain size. 
The discontinuous nature of fracture propagation, 
which is so characteristic of polycrystalline materia] 
and even structures, where details introduce stress 
concentrations, is also a characteristic of fracture of 
crystals by cleavage.!° Many of the observations also 
apply to the fractures of other metals and minerals, a 
discussion of which has been omitted in the interest 
of brevity. 





16 Distorted small « 


rystal in way of cleavage fracture 1450 
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The influence of minor elements on the 


isothermal embrittlement of steels 
W. Steven, Ph.D., F.1.M., and K. Balajiva, Ph.D., F.1.M. 


IT HAS BEEN KNOWN for some time that the embrittle 
ment of hardened-and-tempered low-alloy steels 
which occurs as a result of heating at temperatures in 
the range 300—600°C, or of slow cooling through this 
range from tempering temperatures, raises the impact 
transition-temperature range.! It is also well known 
that impurities such as phosphorus and tin play an 


important part in this type of embrittlement.2-4 The 


effects of other factors which influence the temper 
embrittlement of steels have been reviewed by 
Hollomon® and by Woodfine.® 
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The authors are with The Mond Nickel Co. Ltd 


SYNOPSIS 
Tests on steels of controlled purity show that isothermal 
embrittlement is due to the pre 
ties such as pho phorus 
not to the pre of carbon and. the 


ele wie nts. nickel chromium. oT molybde nie 


ence of traces of impuri 
/ 


arsenic, antimon yf and tin and 


nol mal alloying 
1637 


SO VUCE 


In the first stage of work under the present pro 
gramme of research, the results of which have been 
reported elsewhere,’ it was shown that high-purity 
steels are not susceptible to isothermal embrittlement. 
The present paper is concerned with a further study of 
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the immunity to embrittlement shown by high-purity 
steels and with the effects, on this immunity, of the 
presence of controlled amounts of various elements. In 
the final section of the paper some attention is given 
to the fracture habits of some of the steels 


EXPERIMENTAL PROCEDURE 


High-purity steels of nominal composition 0-3°(,C, 
3-0°,Ni, 0°75°% Cr, in cases containing 
0-5°,Mo, were prepared by powder metallurgy (steels 1 
and 3), or by vacuum-melting (steels 2 and 4). Both 
methods proved satisfactory, but the vacuum-melting 
method was preferred in view of its simplicity and was 
therefore adopted for preparation of the steels contain- 
ing additions of other elements which might cause iso- 
thermal embrittlement, namely manganese, silicon, 
phosphorus, antimony, arsenic, tin, bismuth, cobalt, 
copper, germanium, gallium, zirconium, and nitrogen 
(steels 5-47). The compositions of all the steels are 
given in Table I. 

Details of the preparation of the steels are given in 
Appendix I, and the methods of analysis adopted are 
outlined in Appendix IT. 

The steels were forged and rolled to 8-in. dia. bar 
and heat-treated as blanks roughly 5 in. long. Each 
steel was fully hardened, tempered, and water- 
quenched from the tempering temperature. As- 
quenched grain sizes were in the range 7-8 ASTM 

The embrittling treatment employed consisted in 
re-heating the hardened-and-tempered steels at 450°C 
for 168 or 1000 h and water-quenching. The impact- 
transition range of each. steel, and after 
exposure at 450°C, was determined, using standard 
Charpy V-notch specimens (10 mm © 10 mm = 60 mm) 
Degree of embrittlement was assessed by the shift of 
the impact-transition range. 

Transition temperature was assessed by two criteria 
the temperature at which the fracture was 50° 
fibrous, and the lowest temperature at which the 
fracture was wholly fibrous. The results are presented 


in Table I] 


some also 


before 


IMPACT PROPERTIES OF THE HIGH-PURITY STEELS 


The high-purity steels (nos. 1-4, Table 1) were first oil- 
quenched from 850°C and tempered at 650°C. It was 
found that steel 4 contained some undissolved carbide, 
along the prior austenite boundaries, and 
quently had a comparatively high impact-transition- 
temperature range. The austenitizing temperature for 
this steel was, therefore, raised to 870°C. 


conse- 
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1 Impact properties of the high-purity steels before and after re-heating at 450°C. Steels 1 and 3 powder-made, steels 











2? and 4 


The impact-transition curves for the four steels, 
before and after re-heating at 450°C for 1000 h, are 
shown in Fig.l. Neither the impact-transition ranges 
nor the maximum impact values of the molybdenum 
free steels (nos. 1 and 2) were affected by the isothermal 
treatments. The maximum impact values of the 
molybdenum-bearing steels (nos.3 and 4) were also 
unaffected, as were the upper and lower limits of the 
impact-transition range. At temperatures within the 
transition range it was possible to draw two curves 
through the experimental points, which would suggest 
that a slight amount of embrittlement had occurred 
during re-heating at 450°C, but it is considered that 
the experimental accuracy and reproducibility of the 
data would not fully justify this conclusion. 

The prolonged heating at 450°C did not significantly 
alter the hardness values of any of the four high-purity 
steels (Table IT). 

The maximum impact values of the vacuum-melted 
steels were higher than those of their powder-made 
counterparts (Fig.1). The reasons for this difference 
were not fully explored, but microscopical examination 
of specimens of the powder-made steels revealed no 
evidence of porosity or heterogeneity. 

Susceptibility to embrittlement during slow cooling 
from a tempering treatment was also assessed on one 
of the steels (no.2). Bars of the steel were oil-quenched 
from 850°C and tempered at 625°C for 2 h: half of the 
bars were water-quenched and the rest were allowed 
to cool slowly to room temperature (at the rate of 
about 13°C/h, from 600° to 300°C). If embrittlement 
did occur, it was to a degree only within the limits of 
experimental error (Fig.2). 

The results obtained from these high-purity steels 
suggest that the major alloying elements, carbon, 
nickel, chromium, and molybdenum, are not primarily 
responsible for the temper-embrittlement of steels 
Since the vacuum-melted steels, although relatively 
pure, contained 0:06°, Al, which was probably derived 
from the material used to patch the magnesia furnace 
lining, it may reasonably be concluded that aluminium 
contents up to at least this level do not 
susceptibility to isothermal embrittlement 


induce 


THE INFLUENCE OF IMPURITIES ON ISOTHERMAL 
EMBRITTLEMENT 
The nickel-chromium steels containing controlled 


additions of impurities (nos.5-27, Table I), were oil- 
quenched from 850°C and tempered at 600°C, whilst 
the nickel-chromium—molybdenum steels (nos.28-47, 
Table I) were oil-quenched from 870°C and tempered 
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TABLE I! Isothermal embrittlement at 450°C, summarized data 





Shift of 
lransition temperature, “( transition 

Hardness, Maximum impact temperatur 
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at 670°C. All the bars were water-quenched aftet The rise in the transition-temperature range of the 
tempering antimony-containing steel was accompanied by a fall 

By either criterion of impact-transition temperature in the impact value for the steel at temperatures above 
(50°, or 100°% fibrous fracture) the steels containing the transition ranges. An increase in the content of 
bismuth, cobalt copper, germanium, gallium. zu each embrittling element caused increased shift of the 
conium, or nitrogen (nos.19-27, Table Il) showed no transition temperature after 1000 h at 450 
significant isothermal embrittlement. By comparison Table I]). The tin-containing steels showed ar 


with the corresponding values for the high-purity exception to this trend, but the transition tempera 
steel (no.2), the maximum impact values for steels tures of steels 13 and 14 were already higher than that 
nos.19 and 20, containing bismuth and cobalt, were of steel 12 before the isothermal treatment. The 
low, and the transition te mperatures for steels nos.26 significance attached to this observation will be 


and 27, containing zirconium and nitrogen, were high indicated later. 











These results might be inte rpreted as indicating that +2200 
some rapid embrittlement had occurred during 2S | gat 
tempering at 600°C, due to the presence of bismuth 23 | an 
cobalt, zirconium, or nitrogen, but such suspicion was oe OO a seals 
not confirmed by the examination of impact fractures, &0 | of 
: <a 
as will be shown later b= oe 1 1 1 2 
The presence of phosphorus, antimony, arsenic, tin “R'00 ee : 
5 uw KO 
manganese, or silicon was found to induce embrittle 4 7 
f Oo ¢ 45 ; selectio oO ; > € F 
ment during re-heating at 450°C: a selection of typical WO $0 ee ee 
results is shown in Fig.3. In nearly all cases the major ed hial ca wiieciills ce 
, : S : wgh-purity steels as 
part of the embrittlement occurred in less than 168 h 5 Lz water-quenched and as 
Antimony was the most potent element; silicon had z 050156 0100200 slowly-cooled after 
the least effect ra TEMPERATUREST tempering 
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TABLE Ill Brittle fractures of the nickel chromium steels Steels 5. 6, 10. 11, 24, and 25, had lower transition 
before and after re-heating at 450°C temperatures and higher maximum impact values 

than the corresponding high-purity steel (no.2 
Steel Elements ‘s<smialiiaitiaanies Table II): it is believed that the difference is due to 


added, Hardened-and ter 16 their lower earbon contents (Table 1) 





wi. iia hecoseaats ; In general, as the amount of each embrittling 
element was increased, the transition temperatures of 


nil C) ag 
Bi 0-002 leavage Cleavage the quent hed and-tempered steels before re-he ating 
Cleavage at 450°C rose, and the maximum impact values 
N 0-019 Cl age . 
P 0-04 piebten “ott A noticeably fell. In this respect the arsenic-containing 
intergranular steels (nos.10 and 11) were exce ptional These observae 
Sb 0-001 Cleavage 10 Cleavage 4+- 30°, tions suggest that some embrittlement had occurred 
intergranular intergranular : 7 
As 0-23 Cleavage + 60 Mainly intergranular during the tempering treatment. Such embrittlement 
intergranular would explain the results for the tin-containing steels 


Sn 0-068 Intergranular Intergranular 
Mn 0:70 Cleavage +3 Intergranular and embrittlement at the tempering temperature had 


intergranular apparently masked the effects of the lower carbon 
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™ ies. is etal contents of the antimony-, manganese-, and silicon- 
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4 Cleavage brittle of the 


for 168h 


fracture high-purity steel 2. after 
reheating at 450 ¢ 


Etched 


Impact ralue at } ftelh 


in picral containing 2° 


, nitric acid < 300 
The impact-test results for the nickel-chromium 

molybdenum steels (nos.28-47) presented in the lower 
part of Table II show that the presence of 0-5°,,Mo 
markedly reduced, but did not eliminate, the embrittle- 
ment caused by phosphorus, antimony, arsenic, tin 
and manganese. Even in the presence of molybdenum 
the effect of antimony was still appreciable. Molyb 
denum did not appear to influence the degree to which 
silicon induced isothermal embrittlement, but the 
effect of silicon was, in any case, small 


FRACTURES 
Microexamination of specimens of the various heat- 
treated steels, etched in an ethereal solution of picric 
acid containing cetyl tri-methyl ammonium bromide 
(CTAB), revealed preferential grain-boundary etching 
on some of the steels, but for steels which had been 
shown by impact test to be susceptible to embrittle 
ment, no consistent difference could be 
between the etching characteristics of the specimens 
before and after re-heating at 


observed 


450°C. Examination of 
the fractures of some of the broken impact specimens 
suggested that brittle fracture which occurred in the 
high-purity steels was transgranular, and that in the 
steels containing embrittling elements inter- 
granular. The grain sizes of the steels were, however 
too fine for such conclusions to be more than tentative. 


Was 


To study this aspect more closely, an examination 
was made of the fractures of nickel—-chromium steels 
containing phosphorus, antimony, arsenic, tin, man- 
ganese, silicon, bismuth, zirconium, and nitrogen, in 
which a large grain size (roughly 3 ASTM) had been 
deliberately developed by austenitizing at 1000°C for 
1 h. The bars were oil-quenched, tempered at 600°C, 
and water-quenched. Half of the bars were then re- 
heated at 450°C for 168 h and water-quenched. The 
impact specimens were broken at temperatures in the 
range — 150° to— 196°C. 

The results, shown in Table III, indicate that the 
specimens could be divided, according to the type of 
fracture, into two groups: 


both 


ment, gave essentially transgranular or cleavage brittle 


(i) those which. before and after isothermal treat 


fracture, i.e. the steels 


which 


high-purity steel and the 


containing bismuth, zirconium, and nitrogen, 
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5 Vixed cleavage and intergranular brittle fractures of steel 11, 
16 ft-lb. 


300 


1s hardened-and-tempered 


Etched in 


Impact value at 149 ( 


ang 2' nitric acid 


7 
picral ontair 






had been found by impact tests to be non-susce ptible 
to isothermal embrittlement 

the other steels containing embrittling elements, which 
gave a mixture of cleavage and intergranular fractures 
n the quenched-and-tempered condition and which, 


after isothermal treatment, showed increased tendency 


to fail in the intergranular manner along the prior 


austenite boundaries 


The fracture of the high-purity steel, after re- 
heating at 450°C, is shown in Fig.4: fractures of steels 
containing arsenic and tin, before isothermal treat- 
ment, are shown in Figs.5 and 6 

Examination had thus indicated that intergranular 
brittle fracture is closely associated with isothermal 
embrittlement, and the appearance, prior to the iso- 
thermal treatment, of intergranular brittle fracture in 
the susceptible steels provides further evidence that 
embrittlement oecurred in some cases during temper 
ing at 600 CC 


DISCUSSION AND CONCLUSIONS 
In the work described in this paper the effect of trace 
elements was assessed by re-heating only at 450°C. 





6 Jntergranular brittle fracture of steel 13, as hardened-and- 


tempered, showing some inte rnal cracks Impact value at 


150°C 7 ft lh. Etched in picral containing nitric acid 


x 300 
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TABLE IV Composition of raw materials 





Material Impurities, wt 
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Antimony 
Arseni 
Molybdenum 
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Electr Not detected 
0-005 
0-005 
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Nevertheless, it is considered that the results obtained 
have established the qualitative effects of the impuri- 
ties studied. Their quantitative effects will vary with 
the temperature at which the embrittlement is induced 
and may be dependent also on the microstructure of 
the steel and on the proportions of the normal alloying 
elements present. Moreover, this study was confined 
to assessing the separate effects of individual impuri 
ties and it cannot be assumed that the effect of two or 
more of the elements in combination will be simply 
additive. Within these limitations, the 
conclusions appear to be justified 

1. A steel containing nickel, chromium, 
and molybdenum, but substantially free of trace 
elements, is not susceptible to embrittlement within 
1000 h at 450°C. 

2. The presence of phosphorus, antimony 
tin, manganese, or silicon promotes susceptibility to 
embrittlement at 450°C. The most potent of these 
elements is antimony. The presence of small pet 
centages of bismuth, cobalt, copper, germanium 
gallium, zirconium, or nitrogen, at least up to the 
levels studied in this investigation, does not induce 
susceptibility to embrittlement at 450°C 

3. Molybdenum retards, but 
development of embrittlement. 

4. The brittle fractures of steels susceptible to 
embrittlement are substantially intergranular 


following 


carbon, 


arseni 


does not prevent 
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APPENDIX | 
PREPARATION OF HIGH-PURITY STEELS 
By powder metallurgy 
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analysed for the purpose 


Bureau of Samples. Residual metallic 


standards specially 


prepared and 
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forging industry 


MANAGEMENT 


in industry and research continually 
have to choose between alternative courses of action 
and these decisions can sometimes be made easier if a 
forecast evaluation of the likely outcome is available 
The Operational Research Department of BISRA has 
such both for individual 
forges, and as part of the Association’s Forge Mechan 
ization project. The work has been concerned with 
the effects of introducing 
equipment and working methods into forges, in order 


been making evaluations 


assessing economic new 
to assist re-equipment decisions and to indicate the 
value of fields of The 
and some of the results of this 
work form the subject of this paper 

The relation of these studies to other research in 
forging will be discussed firstly. The early stages of a 


success In various research, 


objectives methods, 


series of comparative studies will then be described, 
followed by a report of projects for individual forges 
Finally. conelusions to date will be given 


AIMS OF THE OPERATIONAL RESEARCH STUDY 

The Forge Mechanization project originated because 
of a shortage of skilled labour and increasing difficulty 
in recruitment for forging. The progress of mechaniza- 
tion and other industries and other 
countries prompted enquiry into the possibilities of 
meeting the labour shortage by the introduction of 


automation in 


more machines to perform work previously done by 
hand. Some of the work of developing the equipment 
and controls for this purpose has been undertaken by 
the Mechanical Working and Plant Engineering and 
Energy BISRA, and accompanying 
papers describe this development work. To assess the 
effects of these developments and of other possible 
studies have been undertaken in a number 
Results have shown that other incidental 
aims may also be satisfied by continuing these studies 
in other forges, so that their purpose has been ex- 
tended as they progressed. Because changes are un- 


Divisions of 


( hanges 


ot forges 


likely to be made without consideration of the asso- 
ciated forging costs, a measure of this effect has been 
incorporated in the results, and it is in this connection 
that the incidental aims have arisen. The objectives 
as they are now seen are 


Paper MW/F/28/59 of the Forging Committee of the Mechani 
eal Working Division of the Brit 
Association 


are the 


ish [ron and Steel Research 
received on 24 June 1959. The views expressed 
wuthors’, and are not necessarily endorsed by the 
Association as a body 

Mr Colleutt is head of the 
Department, Mr 


staff 


Association's 


and Mr 


Operational 


Research Banbury Chelsom are 


members of the 
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SYNOPSIS 


Some increase in forging output can be obtained without 


improvement in existing equipment, by divorcing mani 
pulation and transporting, and by scheduling work into 
the furnaces, but to obtain even the present pote ntial press 
or hamime 7 pe rformance - vin prove d handling equipme nt 
is require d, and there is qreat SCO pe jor SAVING by increas 
1740) 


ing furnace efficiency 


1) To assess the effect on costs and production ot 
varying degrees of mechanization. 

(2) To indicate those parts of the forging cycle where 
greatest cost savings can be made. 

(3) From the results of (1) and (2) above, to suggest 
where technological research might make the greatest 
contribution , 

t) To measure variations in the performance of 
existing forges, and present the results in such a way 
that forge managers can compare their own perform 
ance with the rest of the industry, to see what scope 
for improvement exists and where the 
can best be made. 

Some of these aims are best satisfied by comparative 


improvements 


studies of several forges; others can be met by using 
particular forges as illustrations. Both methods have 
been used and are discussed below 


COMPARATIVE STUDIES 
Methods of comparison 


Some forges are more mechanized than others doing 
similar work, and a comparison of the production 
times, production costs, and labour force in such 
forges can provide a measure of the effects of existing 
forms of mechanization. The main difficulties in this 
approach lie in finding forges with comparable pat 
terns of work, and in isolating the effects of mechaniza 
tion from the results of other factors. 

The pattern of work is important because various 
forms of mechanization may be more suited to parti 
cular types of work. For example, consider a forge 
making dises and blocks. The mechanical equipment 
most suited for making discs may differ from that 
suited to blocks, and if the equipment most suited to 
making dises were installed in this forge, a subsequent 
comparison with other forges on the basis of their 
efficiency when making blocks only might show up 
this ‘mechanized’ forge unfavourably, while a ‘discs’ 
comparison might favour it. Since the industry is 
made up of a large number of firms each producing a 
variety of forgings it is necessary to consider ulti- 
mately the effect of mechanization on a range of work. 
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The interaction between stages of the forging pro- 
cess also affects the validity of comparisons. The 
stages in production are heating, transporting, and 
forging. If the heating or transporting processes fail to 
supply work to the forging unit at the required rate 
and in the required state, then the effects of mechan 
ization at the forging unit may be nullified. Similarly, 
if forging or transporting times are such that the work 
cools before forging is completed, to the point where it 
is not hot enough to be forged, then the work must be 
returned to the furnace. This might interrupt the 
smooth flow of work through the furnace, which would 
offset the advantages of automation of furnacing, or 
even make automation impossible 

Notwithstanding difficulties of this sort, some com- 
parative studies have been made. However, it is in the 
interpretation of the early results of these studies that 
these points become particularly important. 

To obtain a first comparison it was decided to study 
the production of identical forgings in a number of 
forges, and to select for further study those where the 
most interesting differences were found. To obtain a 
wide selection of forges (for the first set of studies) a 
commonly made shape. size, and type of steel was 
chosen with the guidance of members of the industry. 
The product chosen was a 4-in. square billet of 
Wortle tool steel.) Thus, if the differences between 
forges in the production of this job were located, then 
the generality of the differences could be checked by 
considering other jobs. Alternatively, if the differences 
found by considering only one product were them 
selves sufficiently interesting to forge managers, then 
the reasons for the differences could be sought by 
more detailed investigation. 

In seeking to discover variations between forges 
the following measures were used 

(i) time to forge a standard weight of billet 

(11) cost of forging a standard weight of billet 

ili) time to heat the ingots from which the billet 

was made 

(iv) cost of heating a standard weight 

(Vv) \ ield (i.e. the ratio of finished billet weight to 

starting ingot weight). 
[t was realized that some of these measures might be 
affected by influences outside the forge itself. For 


example, yield may be influenced by the freedom of 


the ingot from inclusions or surface faults, and hence 
by melting and casting practice. The influence of such 
factors could be established by the subsequent investi- 
gation of important differences found in the early 
studies. 

The ‘vield’ and ‘time’ measures are unequivocal, but 
what constitutes the ‘cost’ of heating and forging an 
ingot is a moot point. The figures actually used are not 
the complete cost as far as the firm is concerned, but 
are intended only to indicate the relative effect on cost 
of the factors under study, namely, the equipment in 
the forge itself. Also, since only one type of work is 
included in the initial studies, it is necessary that costs 
shall be allocated to individual products. 

The costing method used to satisfy these conditions 
was as follows. The ‘cost per minute’ of each piece of 
equipment was calculated, and the number of minutes 
that a job occupied each equipment was observed. 
The product of these two figures gave the cost attri- 
butable to the job. 


TABLE | Equipment and men employed at the forges studied 





I juipmben 
I l 


orge 


t 
nret 


Manipulating 


Men empl 





The cost per minute so calculated included only 
direct labour costs, and 


Labour costs were obtained 


fuel costs, maintenance costs 
an item for capital cost 
by observing the number of men employed at each 
equipment and multiplying by the appropriate rate of 
pay. Fuel and maintenance costs were obtained from 
works records, and adjusted where necessary because 
of different methods of allocation 
figure included for capital outlay the 
which would cover the interest at 5°,, and repayment 
of a loan equal to the capital cost of the equipment in 
1958, the period of the loan being twenty years for 


cost The annual 


Was amount 


presses and hammers, and ten years for manipulators. 
3y adding the vearly costs of labour, fuel, mainten 
ance, and capital, a total annual cost was obtained for 
each equipment. This figure was then divided by the 
number of min/year for which the equipment was 
active, to give a cost per active minute. The number 
of active minutes was calculated as the product of the 
nominal number of minutes worked and the ‘coefti 
cient of utilization’. The nominal number of minutes 
was taken as the official length of shift multiplied by 
the official number of shifts per year, and the coeth 
cient of utilization as that proportion of nominal 
working time for which the equipment was in active 
use during the period of a series of time studies 

The times for which a job occupied a piece of equip- 
These studies 
were made in the case of forges working three shifts 
day at various hours of the working day and for 
different teams of operators 


ment were obtained from time studies. 


For the heating part of the cycle a refinement in the 
method minute for the 
furnace was calculated in the same way, but the cost 
during the time for which a job occupied the furnace 
was not wholly applicable to that job, since other 
work was being charged into and withdrawn from the 
furnace during that period. To allow for this, a propor 
tion of the cost of running the furnace during any one 
job’s occupancy was allocated to that job, the propor- 
tion being the ratio of the weight of the job to the 
weight of the average furnace content during its time 
in the furnace. To do this, a record was made of the 
weight of the work already in the furnace when the job 
being studied was charged, and of all weights subse- 
quently charged or withdrawn. Then, if the ingot 
being studied weighed t |b and was in the furnace for 
M min, and if the average furnace content during the 


was necessary. The cost pet 
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TABLE It Composition of the two press and hammer teams 





Presa (3 men 
of team. Drives manipulator for 


and disposal 


In charg 


forging, turnacing, 


| Manipulator driver 


Operates press controls, holds measuring 
rod, assists in disposal, sometimes drives 
manipulator for furnacing 
| Furnacemar Operates furnace doors and controls, holds 
marking and cutting tools, places and 
removes size stops on ar l, sometimes 
drives manipulator for forging, furnacing, 
and disposal 
Other labour \ shop foreman sometimes makes ternperature read 
ings. Two labourers serve the whol hop for tl 
receipt of ingots, initial charging to furnaces, and 
despatch of forgings. A floor sw eper spends sore of 


his time in press area 


Note: The same team sometimes operates a 4-ton steam ham 

Hammer (9 men 

2 Tongmen Cdrve { ther “the first hand 

2 Levermer Only task is manipulatior 

1 Hammer driver 

1] Manipulator driver Mar ipulator used for most furnacing, and 
for forging larger jobs 

| Labourer Sweeps scale from anvil, removes tag ends, 
assists with hand trolley 

1] Labourer With hand troll also assists with levering 

1 Furnacemar Fills hoppers of automatic stokers 

Other labour \ shop ftoreman opens furnace doors by remote 

trol, and controls furnaces generally 





M min was 7' lb and the cost per minute of running the 
furnace was {p, 


Cost of heating ingot studied tp M 


studied 
used in 


De scription of the forges 
The each forge for 
transporting, and forging, and the number of 
employed is shown in Table I 

The striking thing in this table is the small number 
of men used with the press-manipulator combination. 
That this saving did not occur in the shop using a 
hammer and manipulator may not be due to charac 
teristics of the hammer or press so much as to the type 
of work and to management policy. The press shop 
was engaged on cogging only, down to 4-in. square 
but more often to 6-in. square or larger 
from ingots between I1-in. square and 20-in. square. 
For almost the whole range of work in this shop the 
manipulator was judged by the management to be 
more suitable than hand manipulation. In the hammer 
shop a variety of forgings was made, including shaped 
forgings. The management here had decided that the 
proportion of work of size and shape more suited to 
hand manipulation sufficient to justify the 
retention of a hammer team of eight men. 

There is a further indication that the reduction in 
the number of men employed is dependent on the 
work and policy rather than on the use of hammer o1 
press. In the press shop a 4-ton hammer was also 
available as an alternative to the press and it was used 
for most cogging below 5-in. square. Both the press 
and the hammer were operated by the same team of 
three men. 

The tasks of the members of these two press and 
hammer crews are described in Table IT. 


furnacing, 
men 


equipment 


sometimes 


was 
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TABLE Ii! Heating times and costs for Wortle tool-steel 
ingots about 9-in. square 

Chamber or zone lime in furnace and cost 

of furnace Forge 1 Forge 2 Forge 3. Forge 4 

Preheating h 16-0 12-0 13-0 6-0 
t/ingot O-57 1-26 

Soaking nh ro 
t/ir t 0-25 

Forging h 4-25 3°25 3-0 20-7 
£/ingot 1-0 0-55 0-54 1-05 

Potal time h 20-25 20-25 16-0 96-7 

Potal cost £ /ingot 1-0 1-37 1-8 1-05 





Note The ‘zero’ cost of preheating in forges 1 and 4 is assumed 
because preheating consisted of placing the ingots in the path of the 


faniene ekhiniet aauen 
Adjustments made to obtain comparability 

The finished work at each forge was of similar cross 
section, but in every case there was a different starting 
size the head end varied between 
8-in. square and 93-in. square, and the differences in 
length and taper were such that original weights 
varied between 475 lb and 680 Ib. It was therefore 
necessary to adjust times and/or costs obtained at the 
various forges. Figures relating to German forges were 
available showing a directly proportional relation 
between ingot weight and forging time for this type of 
work and in the absence of other information it was 
decided to adjust forging times and costs in direct 
proportion to starting weight. The starting weight at 
one forge was chosen as standard and times and costs 
at other forges were increased or decreased according 
to whether their ingots were lighter or heavier than 
the standard ingot. 

Heating costs were similarly adjusted, but the times 
for heating shown in subsequent sections of this 
report are actual times observed. 

For strict comparability the question of yield must 
be considered, According to figures supplied by the 
firms visited, yield was about 75°, at three of the 

but was 80°, at the fourth. The effect of costing 
per unit of finished weight would be small, in fact it 
would not change the relative positions perceptibly 
and has therefore been neglected so far. 

If in later studies a larger difference in yields is 
found, it will be necessary to make an adjustment for 
scrap. It would be difficult to make com 
parable cost adjustments between forges of which 
some have their own melting shop and others have not 
In a forge which has its own melting shop, the loss on 
scrap is only the cost of recovering and remelting the 
scrap steel, plus any storing, transporting, heating, 
and forging costs for work done on the metal before it 
was scrapped In a forge W hich buys its steel, however. 
there is the difference in cost price of steel and selling 
price of scrap to be considered. in addition to the 


Cross-sections at 


works 


howe el 


pre cessing costs. 


TABLE IV Makeup of heating costs 








Forge | Forge 2 Forge 3 Forge 4 
No. of shifts/day 2 3 3 2 
Production, tons/year 1850 5 400 1450 N.A. 
Capital cost 3lunits* 83 units 12-5units 37-5 units 
Annual costs Units °4 Units Units Units 
Capital 2-5 12 6-4 12 1-0 6 3-0 10 
Labour 38 18 75 14 56 35 2-5 i) 
Fuel 12-9 60 31-9 61 8-3 50 20-0 72 
Maintenance 2-3. «10 70 13 1-5 } 2°5 9 
Total 21-5 100 52-8 100 16-4 100 28-0 100 





* Cost units are based on £ sterling, but have been adjusted to 
preserve secrecy 
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TABLE V_ Forging times and costs for cogging Wortle tool 
steel to 4-in square (per 460 Ib of billet) 


TABLE Vil Comparison of heating and forging costs in four 


light forges 





Forge | Forge 2 Forge 3 Forge 4 


Forging time, mir 10-7 9-3 
Forging cost/min, £ O-O45 


Forging cost, £ 


15-2 
0-121 
1-84 


O-1o2 


0-98 0-96 





Note: The cost figures are relative measures only; that is, they reflect 
differences in equipment, manyp r, and performance, but they are 
not complete production costs. Some costs are omitted (e.g. rent, 
lighting, management) and some rate 

ardized (« cost of electricity, wag 


of payment have been stand 


Results of the comparative studies 

The results presented relate only to heating and 
forging. In the forges studied the ‘primary’ costs of 
calculated by the method 
were so small as to be negligible, because of the 
relatively short transfer They may be a 
‘secondary’ cost where transporting is carried out by 
all or some of the forging team. In that case forging 
has to stop during transporting operations, which 
lowers the utilization of the actual forging unit. This 
effect is illustrated by one of the studies described 
later in this paper. Results are given first for heating, 
then for forging and finally as the relation between the 
two sets of 


transporting described 


times, 


costs 


Heating times and costs 


Table IIL shows the results relating to heating. The 
different satisfactorily ex- 
plained at present; they may be due to furnace per- 
formance, management policy for heating this steel, 
ignorance of maximum safe heating rates, production 
scheduling, or some other reason. In forge 4 some of 
the time and cost shown against ‘forging zone’ should 
be attributed to another part of the heating cycle 
since the temperature of the cooler end of the forging 
zone was about 200°C lower than the corresponding 
parts of the other furnace systems. However, it was 
not possible to break these figures down further 

The makeup of heating costs for a year’s work in 
each forge is shown in Table IV. The proportion of the 
total throughput formed by various types of steel 
varied from forge to that comparisons 
between forges of such things as heating cost per ton 
are almost meaningless. The table is included to show 
how total heating cost was divided between labour, 
fuel, maintenance, and capital 


heating times cannot be 


forge SO 


The percentages in Table IV need care in interpreta- 
tion since a reduction in, say, labour costs through, 
say, automatic firing, would mean an increase in the 
proportions of costs due to other factors, though the 
level of these costs would probably be unaffected. 
Also, although labour and maintenance costs probably 
increase in direct proportion with the number of shifts, 
fuel costs almost certainly fall as a proportion and, as 
calculated in this case, capital costs remain constant 
when the number of shifts is increased. However, the 
value of the figures is not so limited as to prevent the 


TABLE Vi _ Utilization and its effect on cost 





While forging Wortle ingots 
Forge Utilization, °% ¢ 


Assuming full shift 
Utilization, Cost/ingot, £ 


ost/ingot, £ 
58 ¢ 36 l 
60 96 35 l 
50 “45 43 ] 
50 3 39 2-5 





Whole year (all products) 

Heating, Forging Heating, 
cost* of total 
i438 
4-2 

tO 


iu-o 





conclusion that fuel costs form the major part of heat 
ing costs 

Some measure of the scope for reducing fuel cost is 
given by a consideration of the thermal efficiencies of 
the furnaces. Whereas the amount of heat required to 
bring the ingots to forging temperature, and to reheat 
is of the order of 10 therms/ton, the 
amount actually used was 54, 125, and 132 therms/ 
ton in forges 1, 2, and 3 respectively. Part of the differ- 
ences between forges may be due to more efficient 
forging, needing fewer reheats, as more 
efficient furnares. Ways of heating for 
forging are being investigated within BISRA, and are 
discussed in one of the associated papers. Data such 
as those in Table IV can be used to assess the profita- 
bility of new developments in this field, which is one 
aim of the studies 


where necessary 


well as to 
Improving 


Forging times and costs 

The comparison of forging costs in the four forges is 
shown in Table V. The different costs per minute were 
due almost wholly to different degrees of utilization, 
since total costs 
different numbers of shifts worked) were similar in all 
forges. The causes of the different degrees of utiliza 
tion could not be identified from these early studies 
Some likely influences are mismatching of furnace and 
forging capacities, the pressure of work, worker atti 
tudes, and production s¢ heduling 

The cost figures shown in Table V are the costs for 
utilizations as observed during the cogging of Wortle 
steel. Over longer periods, attitudes and practices (e.g 
late starts etc.) have more effect as 
compared with technological factors, and the relative 
positions of the four forges are then changed slightly 
A comparison of the two utilization figures and the 
effect on cost is shown in Table VI. 

The lower figures for utilization over the whole shift 
show the scope for improvement by 
alone, possibly without 
technique of forging. Moreover, changes in forging 
speeds would be relatively ineffective until the utiliza 
tion was increased. This is illustrated by the studies 
in individual forges reported later in this paper. 


when allowance had been made for 


early finishes 


management 
changes in the speed or 


Comparison of heating and forging costs 

The relative costs of heating and forging are shown in 
Table VII for cogging Wortle tool steel and for the 
whole year’s product. 

From this table it can be seen that Wortle tool steel 
costs proportionately more to heat than other steels 
worked in the four forges. This suggests that improve- 
ments in heating methods will be particularly ad- 
vantageous to those forges handling a high proportion 
of Wortle and similar steels (hence they can afford to 
spend more to obtain the improvements), and that 
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TABLE Vili Average forging times for different teams 
Forge | Forge 3 Forge 4 
min 8 min ton 8 
s 10 v 45 18 : 51 
x 29 y An) 18 3 





blanket allocation of heating costs will hide the true 
profitability of any particular type of job 


Comparison of forging methods 
The way that men operate equipment may be a factor 
as important as the characteristics of the equipment 
itself. In an attempt to obtain some measure of the 
differences between crews’ methods of working, a com- 
parison was made within forges as far as the data 
collected would allow. 

For three of the forges it was possible to compare 
forging times for identical jobs made with the same 
equipment by different teams. The average time for 


each of two crews is shown in Table VIII. The size of 


ingot being cogged varied from forge to forge, but 
within any one forge the task was identical 

In each forge the differences between forging times 
are small, and what there is appears to be due to 
native aptitude. For example, in forge 4, with the 
largest discrepancy, the three men making up each 
had backgrounds almost identical with their 
opposite number as regards age, health, experience of 
forging, and experience on this particular job. ‘In all 
the forges the output/shift was almost the same for 
each work team. 

The similarity of times within forges 1 and 3 was 
obtained in spite of differences in method. In forge 1 


crew 


there was a considerable difference in the number of 


TABLE IX Number of blows used to forge 460 Ib of 4-in. 


square billet 





Starting 


size, in Number otal number 
Forge Crew square tf heat »f blows 
1 (50-cwt hammer 84 $ 495 
? s4 2 626 
3 (4-ton hammer ] s P4 490 
2a s , 476 
»} & » 907 





this (i.e. one crew used heavier blows struck at a slower 
rate). In forge 3 the differences were not so marked, 
but one team different methods at different 
periods on the same day 

The number of blows used by different teams in the 
two forges is shown in Table [X. and the distributions 
of stroke cycle time are shown in Figs.la and 6. 

The figures in Table IX might give a pointer to the 
selection of a forging schedule suitable for automatic 
forging. An automatic forge could probably deliver 
heavy blows at almost the same rate as light blows, 
and the schedule involving least blows would then 
probably be the quickest and cheapest. 

From the limited studies so far made 
clusions cannot be drawn. However, the results indi 


used 


general con 


cate that there is ample scope for increasing forge 
utilization, and for reducing heating costs, particularly 
for steels like Wortle steel 


STUDIES OF INDIVIDUAL FORGES 

A study in a medium press shop 

The technical performance of a 2250-ton press was 
measured by the Plant Engineering and Energy 
Division of BISRA. The information thus collected 




































































blows used by each crew, but the rate of striking offset together with the results of time studies and cost 
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TABLE X_ Allocation of costs in a medium press shop 


TABLE Xil_ Effect of press forging rate on production time 





ost attributable to 
Pransporting 


Percentage 


Heating 


Job number 


67 i 


| 
Neg ble 





figures, was then used in two ways. First, a calculation 
made of the of cost to forging 
heating, and transporting, in the same way as was 
described for the four light forges. The results of this 
are shown in Table X. The jobs studied were all 
different so that the average only be 
regarded as a rough guide. 

The second type of result was derived from the 
at the press during the 


was apportioning 


shown can 


detailed observations made 

forging of a roll for a mill. The following points were 
noted 

i) the bite (i.e. the length of the 

into position under the tool 

and 10 in 

ge enough to allow I1-in 


forging moved 
between strokes 


varied between 2 in iveraging 6 in., 
whereas the tool was lar 
bites each time 

of the 
capacity, so that pressing time was unnecessarily 
| 


borer 


ii) ram-pressure reached only 20 designed 


this was an engineering failure 

ili) the tool was being d higher than necessar\ 
tor the ment of the we rk pLlece 

The effect on forging tim f the 

mechanism for controlling the position « 

Thea 


rains 
move 
Introduction of a 
t the ingot 


f conditions 


Was estimated for three conditions 
were 
manual control of the during the 
studies 
li) operation of the press at maximum speed 


ill) press operation linked with the ingot position 
control mechanisn 
The 
ot 1] Ith 
the number « 


from 226 to 


first condition would allow the maximum bite 


for each stroke exce pt end strokes. so reduc Ing 
the forging 
of the 
this 
made with a shorter 


blows needed to complete 


{ 
35. and saving S&S min. or 20° 


forging time. The second condition would allow 
reduced number of strokes to be 
1 


stroke cycle time mal Ag 


ing a total saving of about 25‘ 
The third condition would synchronize the movement 
of the tool and ingot. so that the total reduction in 
forging time compared with the existing method would 
be about 30°. 

The value of such a saving was assessed in terms of 
the heat saved. Heating the ingot through the forging 


TABLE XI! Production rates at Russian press and Company’s 


hammer 





Productior , tons/t ess rate 


Hammer 


Type of 


production ier rate 


1-55 
0-58 


40) 


B 
( 

D 
bE 
F 





Cype of ‘ress forging ‘ 1) Har 


produc 





range of tem pr ratures accounted for about one-seventh 
of the total heating cost 4 80° 
about 30°. of one 


saving in forging time 
seventh of the cost 
ustify the 
expense of making the modification at the press 


would thus save 
of heating. This saving would probably not 

The possibility of increased throughput was also 
was found to be slight with the exist 
Although 
the corresponding saving in heat 
total 
furnace capacity 
of the 
additional 


consiriered hut 


ing turnace system a 30°. saving in forging 
time could be made 
only 30°. of 
There fore 

1,1 1 
would be required to take 
fact 


would have in¢ 


ing time was one-seventh of the 


heating time increased 


advantage increased 


press ay ulability In furnacing ol 


reduced heating times reased through 


put far more than speeding up the press, since turnace 


utilization was almost LOO while press utilization 


was below 20 mainly through wai rt ) nyots to 


reach tor ing te miper ituyre Imipre vemments in the forg 


ing part of the cycle were therefore unlikely 


to pay 


until the he iting part « { tive evel h id been Imi pre ved 


Choosing between a hammer and a press 
Am Tf he ! 


whethera <per 


study was made on behalf of 
would te 


ihed pres she pas vet unbuilt 
t on the 


more profitable than an existing hammer shop 
same pattern and load of we 

The capital cost of the proposed 
that if the 
shifts a 
fitteen 
mainly) be suffer 
The likelihood of the press 
production therefore became the centre of the study 


scheme Wa such 


press shop were a o do the work in five 


4 mpared h the hammer 
then would the 


nt to make the new forge proht ible 


WOECK 


shop 


only savings (in labour cost 


shop ache Vinny this rate of 


The organization of the new press shi )) Was planned 
ss utilization higher than the utilization of 
l to be 
forging tor only 35 of the working shift. Also, it was 
expected that th press would actually forge 
faster than the The joint effect of these two 
factors would have to be at least 


order to 


to vgivea pre 
the existing hammer, which was foun actively 
f new 
hammer 
a threefold increase 
in production/shift in make the change to 
the press shop pay 

The press would be served by two manipulators, one 
of which could charge the furnaces and collect the next 
job while the other Only 


when the manipulators changed roles at the end of a 


was working at the press 
forging operation would pressing be interrupted. The 
number duration of 
actual rate of forging had to be estimated in order to 


and such changeovers and the 
arrive at an estimate of the production/shift 

The estimate of forging rates had to be obtained in 
a roundabout way, since no press of the proposed type 
had ever been used for the range of work undertaken 
by the Company's hammer. However, it was possible 
to study a press and manipulator system similar to 


Journal of The Iron and Steel Institute October 1959 














154 Colicutt et al. Operational research in the forging industry 






TABLE XIill_ Effect of changed forging and handling times 


on makeup of production time 








Activity rime in hammer shop Time in press shop 

4 b 
Forging 2781 2649 2649 
Handling 1041 171 342 
Measuring 186 186 186 
Tool preparation 136 





(a) assumes a l-min changeover, and (b) a 2-min changeover 


that proposed. This study lasted for three days, during 
which time only one type of product was made but 
this was such that the advantages of this type of press 
could be fully exploited. To obtain estimated rates of 
production for other types of product, there being no 
comparable data for forges in this country, it was 
necessary to refer to published figures relating to 
Russian presses. These showed that production during 
the three-day study was at a rate below that for the 
same type of work on a 1500-ton Russian press. It was 
therefore assumed that the press studied would not 
forge faster than the 1500-ton Russian press on the 
other types of work included in the range undertaken 
in the hammer shop and that, therefore, the rates of 
production at the 1500-ton Russian press could be 
taken as an upper limit of what could be expected of 
the new press. These were then compared with rates of 
production in the existing hammer shop. It 
assumed that the Russian rates related to continuous 
working, interrupted only for change of jobs on the 
anvil, and the hammer rates were calculated on the 
same basis. The comparison is shown in Table XI. 
Product F shown for the press. A 
separate estimate showed that for this work press pro- 
duction would be 1-0—-3-0 times that of the hammer, 
according to the type of steel. 

From works’ records the proportion of hammer time 
spent on each type of production was obtained. The 
effect on total production time if the same work were 
forged at the press was then calculated as shown in 
Table XII. 

From Table XII it can be that the 
hammer needed 71-5 time units the press would need 
between 65-5 and 72-7 time units. It was therefore 
estimated that the average, 1-0-1-1 
times as fast as the hammer for this pattern of work 
The effect of the different forging rates on 
utilization next calculated to find out 
typical shift would be made up of forging, transport 
ing, and so on. When forged at the hammer, many 
With the faster 


press forging rates for some types of work, it would be 


was 


was not tussian 


seen where 


press Was, on 
press 


was how a 


jobs required more than one heat 


possible to increase the amount of forging per heat 
and hence to reduce the number of heats required. It 
was found that many of the jobs requiring three or four 
heats were those where the press was expected to be 
twice as fast. All such jobs could, therefore, be 
pleted in two heats 

The work of 17 shifts was studied, and it was found 
that instead of needing 228 heats as at the hammer 
the 138 jobs would be completed in 171 heats at the 
press. The handling time to and from the hammer was 
1041 min, while at the press it would be the time re- 
quired for 171 changes of manipulator. It 
mated that the time per changeover would be not less 
than 1 min nor 4 handling time 


com 


was estl 


more than 2 min, i.e 
would be between 171 and 342 min at the press. 
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TABLE XIV Makeup of average press shift 
Activity Time per shift 
1-min changeover 2.min changeover 
min min % 
Forging 316 69 300 65 
Handling 21 4 39 9 
Measuring 23 5 21 4 
Idle 100 22 100 22 
Potal 460 100 460 100 










The work of these 17 shifts was used to estimate the 
joint effect of the changes in forging and handling 
times. The productive time during these 17 shifts was 
spent forging, handling work to and from the hammer, 
measuring the work for cutting or shaping ete., and 
preparing handling tools. In the press shop handling 


tools would not be needed, but measuring would be 
unchanged. Also, as estimated above, handling time 
would be between 171 and 342 min, while forging 
would be 1-0—-1-1 times as fast, say 1-05 times as fast. 
The effect of these changes in the use of productive 
time is shown in Table XIII. Thus it was estimated 
that in the press shop productive time would be divided 
between forging, handling, and measuring in the ratios 
2649: 171: 186 or 2649 : 342: 186 according to the 
time required to change manipulators 

The amount of productive time available per shift 
was estimated by considering the disposition of time 
during hammer shifts, and by obtaining the manage 
ment’s opinion of what would be changed. The result 
of this was an estimated non-productive time of LOO 
min shift, through rest periods, bad time-keeping etc., 
and productive time of 360 min. 

The 360 min were divided in the ratios given above 
to produce the following shift, which is shown in 
Table XIV for the two limiting manipulator change- 
over times. 

The press 


likely to he 


was therefore estimated as 
, and 69°,, compared with 

Also the press forging rate 
1-1 times the hammer rate. Production 
shift in the press shop would therefore be 


utilization 
between 65 
hammer utilization of 35 
would be 1-0 


bye tween 


65 69 
1-0) - and 1-1 . 
> » 
oe ow 


i.e. between 1-8 and 2-1 times the hammer shop pro 
l 


duction. This is well below the rate of 3-0 required to 
make the press more profitable than the hammer 

Possible changes that would make the press shop 
more profitable were then considered. These were (a) a 
change in the pattern of work, and (4) an increase in 
the press forging rate 

From Table Xf it can be seen that for some types ot 
work the press is much faster than the hammer, while 
for other types it is slower. If the hammer work of 
and E 


group for the change to press working, then press pro- 
duc tion per shift would be het we en » if) 


types ¢ were replaced by work in the other 
ind 2-8 times 
the hammer production. The press shop would then 
roughly break even on one-shift working 


TABLE XV_ Press stroke cycle times with and without mani- 





pulator 
Bit j i 2 1 
Pe trat in 5 i l 
Stroke cycle time, press only, s 1-04 ! 1-33 
Stroke cycle time, press + manipulator 1-40 1-4 1-60 
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The similarity of the press and manipulators speci- 
fied for the new shop and the press and manipulator 
that were time-studied consisted of a similarity of 
theoretical stroke cycle times as well as similarity in 
design. The cycle times were calculated from the 
manufacturers’ specification of press and manipulator 
performance. In making these calculations it was 
found that, as specified, the manipulator would pre 
vent the press from operating at its designed speed 
The extent of this delay is illustrated by Table XV 

These differences were similar for both presses, and 
are based on specifications only. There were in practice 
additional delays, caused by human reaction times, 
and because the manipulator was unable to accelerate 
at its designed rate due to slipping between the drive 
wheels and the forge floor 

The sum of these effects that the observed 
stroke cycle times were double the designed times. If 
this were corrected the press shop could be made to 


Was 


pay. (This effect occurs also in the next example.) 

It was also shown that if the press shop worked two 
shifts, taking over part of the work of asecond hammer 
shop (there were several in the works concerned), then 
it could be made profitable. Similarly, if the press 
were operated for three shifts a day, taking over work 
from a number of other hammer shops, then again it 
would pay. At the same time there would be a drop in 
the number of men required, three press teams re 
placing up to nine hammer teams. 


The effects of changes in a forge’s handling equipment 

The studies of the cogging of a high-speed tool steel at 
a rapid-stroking 1000-ton also used to 
evaluate possible changes in the handling equipment 
of the forge. During observations a mobile manipu- 


press were 


lator was used at the press, and for transporting work 
between the furnaces and the press, and for removing 
finished forgings across the shop. The layout was as 
shown in Fig.2. 

It was noted that the stroke cycle times actually 
obtained were about double the time which the press 
could theoretically have achieved for the pene tration 
being used. The press was being delayed in its down- 
stroke to allow the manipulator time to position the 
job, and the manipulator was unable to reach its 
designed acceleration because the driving wheels were 
slipping on the forge floor. 

The time spent on various activities during a shift 
Was as follows 

Official breaks 

Press working (with manipulator) 

Manipulator transporting, 
furnacing (press idle) 

Waiting for heats 


$5 min 
160 


Total 


2 Ilragrammatic layout of forge 


The changes that were considered were 
(i)improved manipulator performance at the 

press, so that the press could reach its designed 
speeds, but transporting and charging times 
unchanged 
) manipulator performance improved as in (i) but 
with corresponding improvement (i.e. doubling) 
of transporting and charging rates 
)manipulator performance unchanged, but a 
second identical machine introduced for trans- 
porting and charging 

unchanged at the 

a charging machine introduced, fast 


) manipulator 
hut 
enough to eliminate transport delays 


20° 


performance 
press 
i.e. about 
faster than present machine 
)improved manipulator allowing press to reach 
designed speeds and charging and transporting 
equipment fast enough not to keep the press 
waiting (1.e. furnacing and transporting in about 
half the present time) 
Some of the postulated changes may appear un- 
reasonably optimistic, but with comparatively minor 
alterations in working methods they become feasible, 
and this study was intended to find out how worth- 
while they would be in this forge. For example, work 
could be transferred from the furnace to the anvil by, 
say, 


a powered roller table. or rail-bound table with 


push-pull jaws for extracting and depositing the ingot, 


instead of a mobile machine taking the devious route 
shown in Fig.2. Similarly, although it im- 
possible to double the longitudinal travel speed of the 


would be 


rear-wheel drive manipulator now used at the press, a 
with rack 


four-wheel drive 


could probably obtain these speeds. In any event, the 


machine and pinion or 
order to whether, in 


terms of reduced cost, it would be worthwhile develop- 


changes were assumed in see 
ing the necessary equipment 

The effects of the volume of 
production and on production costs were calculated 
that the 
worked. The changes in production were obtained by 
the time 
shift, and (4) the change in press forging speeds 


various changes on the 


assuming same number of shifts/yvear was 


considering a change im active press per 

A figure for the gross annual saving was calculated, 
which showed the difference between the cost of pro- 
ducing the new tonnage in the modified shop, without 
allowing for the costs of the and the 
cost of producing that like the 
existing forge. This gross annual saving then represents 
the maximum amount that could be spent annually to 


implement the changes 


( hanges made 


forges 


tonnage 1n 


In all cases it was assumed 
though 
with increased throughput these could probably be 
reduced 

Although the number of shifts per year was assumed 


that heating costs per forging were constant 
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TABLE XVi_ Savings available to finance new schemes 
Scheme Annual 
(All working same number of Increase in production, savings, 
shifts as at present of present output £/year 


1 Faster 
press speeds 


manipulator to match 
f 


arnie irhnacing 








liator taster at 


and for fturnacing (dine 





O00 








unchanged, the time for which the 
would increase for each scheme. The running costs of 
the press and, when retained, the manipulator, were 
calculated for the the following 
assumptions 


press was active 


new scheme under 


i) fuel and maintenance costs change in propor 
tion to the time for which the equipment is 


active 
ii) annual capital and labour costs are unchanged 


It may in fact be necessary to increase wages or the 
number of men employed, but this would be one of the 
costs of implementing the scheme, to be deducted 
from gross annual savings 

The results of these shown in 
Table XVI. An assumption inherent in the 
method of costing the new schemes is that a market is 


W he re the only 
reducing the 


calculations are 


above 


available for the inereased output 
saving to be made is by working time 
required to produce the same amount of forgings. the 
only schemes that might pay are those where a com 
This might tend to in 
crease heating costs per forging, but a complete shift’s 
labour would be these ci 
the estimated would be as 
XVII 

Of the five 
not involve equipment with improved performance 
The only change postulated in 


plete shift per day is saved 


saved.) Under reumstances 


savings shown in Table 


scheme 3 does 


s¢ he mes considered only 
this scheme was the 
introduction of a second manipulator, and 
in output of almost 60 
gross saving of £8300, vear compared with making the 


this pro 
duced an increase with a 
increased output in a forge like the one studied. When 
the costs of running a manipulator as a charging 
machine for two shifts have been deducted. the net 
saving would be about £5000 year, and the capital 
cost involved would be about £15000 

For those schemes where faster forging is assumed, 
there is an associated saving in handling time because 
the required number of reheats is reduced. This effect 
was more pronounced in the forge studied than in 


general, because the work, cogging high-speed tool 
steel, involved more reheating than is usual. Where 
handling does not occupy so large a proportion of the 
time (in this forge it accounted for 191 min in a 
480-min shift) the scope for increasing output by 
reducing the number of handling operations, or by 
introducing separate or faster handling equipment, is 
obviously not so great 


However, the figures in Table XVI do show the 
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TABLE Savings available to finance new schemes, with 


present production 





Production time required, Annual saving 
’ 





Scheme of present 2 shifts {/ year 
] 6 nil 
2 $f 1850 






rt osts fo 


of I shift 


3000 





importance of improved handling equipment, for in 
none of the schemes was any improvement in the press 
itself included 


CONCLUSIONS 


From the comparative and the 
particular forges a number of general points have 
emerged. The central feature is the low utilization of 
which is partly caused 
partly by in 
other 
including inadequate production program 


studies in 


studies 


the actuai forging equipment 
by inefficient or insufficient furnacing 
adequate handling equipment 
factors 
ming 
It appears that the proportion of cost within the 
forge attributable to heating varies. according to the 
and SO 
forges studied the 
if heating costs has been due to fuel, which 
This high fuel cost is associated 
thermal efticiencies of the Up to 
about fourteen times the required amount of heat was 
used to heat ingots fi in the forges studied. A 
tudy by another department. of 
BISRA noted instances where up to forty times the 
theoretically required amount of heat was used.) In 
addition to these 
lower the press or hammer utilization, so adding to the 


and partly by 


size and type of work, between about 30 
of the total forging costs. In all 
major part ¢ 
constitutes up to iO! 
with low furnaces 
rv forging 


subsequent wider 


direct costs delays waiting tor heats 
cost of the actual forging operation 
Where it is desirable to obtain high forge 


it is necessary to divorce the manipulating and tran 


utilization 


porting functions. This division should extend to 


equipme nt as we 1] is To personnel since the properties 


required in a manipulator at the press or hammer are 


rm quired of a 


different from those harging and 
transporting machine 
At the anvil 


possibly 


longitudinal 


lateral movements are 
Th 
tools must be free for 
manipulator at the press 


rapid rotational. and 


required over short 
part of the ingot between the 

This means that the 
high rates of 


able to grip the ingot at the ends. and 


exact distances 
working 
must have 
acceleration, be 
should lend itself to automatic position control. To 
achieve this, the gripping and moving parts of the 
there 
room for dead weight in the form of motors or countet 


Drive through road wheels Is dependent on 


manipulator must be as light as possibl is no 
balances 
friction which is limited, so that a more positive drive 
through rack and pinion, or hydraulic rams, or springs 
is likely to be required. (If drive through road wheels 
is retained, a change in weight distribution or to four 
wheel drive might be made to obtain higher accelera 
tions.) Motors could be floor mounted, and the weight 
of the job taken by roller tables. By changes such as 
these, manipulators may be made to match the high 
stroking rates already being obtained by presses and 
hammers. But when such speeds are reached manual 
























Tomlinson and Stringer Spread and elongation in flat tool fc 


control may not be feasible. Also, a man could not be 
expected to spend his day subjected to continual 
braking of this order. It 
therefore become necess ry to consider remote controls 


accelerations and would 
and programmed forging 

If transporting is carried out by a separate machin 
then high travelling speeds are not 
machine similar to present mobile 
However, 


during forging 
essential, and a 
manipulators may sometimes be suitable. 
since the machine would not have to manipulate the 
job at the anvil, it 


carry the job around by one 


necessary to 
could be 


counte!l 


would long be 
end. The work 
table 
weights unnecessary, and spreading the load evenly, 


carried underslung or on a making 
so that drive through the road wheels would be 


ettective 


more 


With higher 
scheduling of work into the 
g for heat 


often lost throug 


utilizations and forg the 


» avoid 
rtant 


furnace Oi t 


delays waitil will bee 


ne MG mp 


lready time Is 


reach forgir temperature une 


become proportionately longer 


frequent i removed and 


cient chedul 


increased. In 


drawn up, m of maximum 


rates is required 


mation about temperature tate 


{ rether 
e temperature 
Variations in heating 


scheduling can producti 


ch inge in Turnace 


perforn 


Spread and elongation in flat tool forging 


A. Tomlinson, A.Met., A.1.M., and J. D. Stringer, B.Sc.(Tech.) 


INTRODUCTION 
THE ADOPTION of definite rules, in piace of empirical 
methods for controlling changes of shape in rolling 
and forging was first suggested by Tresca in 1867.3 
Present-day procedures in open die forging are still 
based on the individual forgemaster’s experience and 
mainly stroke 
produces both elongation and sideways spreading, the 
amounts of which cannot be predicted in advance 

In view of current interest in improved, and possibly 
automatic, techniques of forging an investigation was 
undertaken to the which 
spread and elongation in flat tool forging, as a first 
step in establishing better forging techniques. This 
paper describes experimental work on square bars 


observation, because each forging 


determine rules govern 


from which results were obtained which can be used in 
industrial forging. The 
with tests taken by Tarnowski on rectangular blocks. 


experiments are Co pared 


EXPERIMENTAL WORK 

Scope of experiments 

The primary object of the work was to provide data 
for predicting the changes of shape produced during 
any single pass when forging square bars with flat 
tools. The changes of length and width o 
test bars were determined after a single forging pass 
consisting of strokes with identical depths of squeeze 
and longitudin il movement of the bar between strokes. 
The results obtained from the tests may be used for 


a series of 


Pape MW /F/22/59 of the Forg 
ical Working Divisi British 


Association, received 27 1959 


ing Committee of the Mechan 
Iron 
The views expressed 


lorsed by the 


m of the ind Steel Research 
July 
authors’ and are not necessarily en¢ 
> as a body 


Mechanical 


Laborat« 


Working 


authors are on the staff of the 


Association’s Sheffield 


Che 


Division at the ries. 


SYNOPSIS 
Predictions of the elk ngation and 
which occur when 1] quar rs with 
he made } ) | » an thea 
from ontrolled 
revealed an en pr lation qovern 
each pass, which is / 
graphical form In addition. the results indicate that each 

troke contribute most to the elona 

when wide tool 


sudeway preading 


flat tool car 


from 2) paper Data 


carefully ( forging 


exp 
] 
rical re 


shape ai expre 


ind heavy 


predictions on larger forgings because previous investi 


gations!’? have shown that the principle of geometrir 


similarity 
The 
sh ipe 


is applicable to forgin 
effect of the foll 
of the 


4 proce 1 ah 


wing factors on the change of 


test bars was investigated 


ot the bar 


f height 


temperature test 
reduction « 
longitudinal movement of the 
stroke S 

shape of cross-section 


the 


curvature of side 


vious forging. 


faces pre 


The 
changes was examined by 
at different 
1250°C 

The 


forging 


elfect of forging temperature on dimensional 


carrying out tests on bat 


temperature within the 1 LOO0 


Lripre 


of reductions in height normally used in 
the 


ranve 


was also examined to see whether pro 
portion of spreading to elongation varied with differ 
ent reductions. The reduction sed as the 


ratio 


WAS ¢€ Xx pre 


height of bar after forging 


height before forging 
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1 Method of measuring change of dimensions 


During normal bar forging the bar is moved longi- 
tudinally between strokes. The length of stock newly 
presented to the tools on each stroke will be called the 
bite and when expressed as a proportion of the width 
of the bar will be termed the bite ratio 


bite 4 
bite ratio = 


bar width Ws 


A range of values of this ratio was investigated; it was 
known qualitatively that small bites gave less side- 
ways spreading than large bites. 

Bars of different cross-sectional shape were tested 
forging a bar the 
alternately changes from one oblong shape to another, 


because when square section 


although the departure from square is not large. The 


shape of cross-section of each test bar was expressed 
as the ratio 


initial height of bar h 


initial width w 


After one forging pass on a square bar the side faces 
take on an irregular shape, commonly termed barrel- 
ling, which is due to frictional constraint at the tool 
faces and to the influence of the adjacent undeformed 
portion of the bar. To compare the effect of forging on 
previously barrelled surfaces with that on flat faces, 
several of the bars on which a first test had been com- 
pleted were later reforged on the barrelled faces em- 
ploying similar reductions and bite ratios as before. 

The tests were made on steel of low-carbon quality 
(0-2°,.C), but the results obtained should be applicable 
to other steels judging by concurrent work in hot 
rolling, which has shown that spread characteristics 
are virtually unaffected by variation in steel com 
position 


Experimental procedure 

The laboratory equipment, which consisted of a 
200-ton press and manipulator, dictated the sizes of 
the test bars and the experiments were made on bars 
of 3-in. to 8-in. section, in lengths up to 4 ft. 

The temperature of each bar during heating and 
forging was recorded from three Pt/Pt-Rh thermo- 
couples positioned towards the mid-length and in- 
serted diametrically to the axis, the mid-radius, and 
to within 4 in. of the outer surface. Each bar was 
rapidly heated by charging cold into a furnace at 
1300°C to 1400°C and withdrawn immediately the 
centre reached the required temperature. This mini- 
mized oxide scaling but had little effect on the tem- 
perature gradient in each bar during testing, because 
although the surface was hotter than the inside during 
heating, it was cooler by the time the bar was positioned 
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TABLE |! Tests on bars with flat surfaces 









Temperature 





b } h, Mean gradient, °¢ Spread 
i, h, temperature, surface coefficient, 
( to centre a 
2-03 1-00 0-905 1180 70 0-64 
1-08 1-00 0-403 1180 5Y 0-66 
1-8] 1-00 0-847 1130 47 0-62 
1-85 1-00 0-803 1230 6 0°65 
1st 1-10 0-780 1130 47 0-67 
1-92 | O-sug 1190 67 U-58 
]-S¢ 1-52 0-799 1200 71 0-60 








| 12 

1-44 1-00 0-398 1040 22 0-56 
1-37 O-a4 O-s71 1140 45 0-54 
] ] 

1-43 oo 0-802 1 220 60 O-58 
1-30 0-99 0-728 1170 5Y 0-55 
1:44 1-25 0-900 1180 80 0-50 
1-Oo 1-Ol 0-906 1090 8 0-42 
OOS 1-00 0-904 bolo 4 0-41 
OR 1-00 0-900 1190 44 0-41 
aa? 0-49 O-SS6 1220 x4 0-41 
OS 1-oo 0 | 

0-87 1-01 0-77 2 

0-99 1-25 0-908 1iso 74 0-4] 
0-92 1-25 0 7 1 IS Os 0-42 
0-55 1-Ol 0-933 0-34 
Osi 1-00 0-903 Os 
0 > 1-00 0-903 O30 86 O-2s 
{ 0 1-4) O-S86 32 
0-51 1-4) O-s4l POS 
0-53 1-oo 0-803 1O30 0-29 
0-52 1-00 0-799 1o70 60 

Ob I-24 0-901 1Oso 116 0-31 
52 1-24 st vil i ( y 4 
O-3l LO 0-902 iv st 0-2 
OB} 1-24 O-O00 1040 LOS O-26 








ready for forging. The temperature given for each test 
is the average of the surface, mid-radius, and central 
temperatures half-way through each test, quoted to 
the nearest 10°C. A typical time for transporting and 
positioning each bar for forging was 1} min; each 
single pass test t 0k about 1 min. 

The reduction of height in each test was controlled 
in some cases by use of the automatic control device 
of the press, and in others by means of spacer blocks 
between the press tools. The speed of deforming each 
bar was roughly regulated to be proportional to the 
bar height and varied between #? in./s, and 1} in./s. 
To obtain the bite for each stroke, the manipulator 
positions were measured. 

The method of measuring the effect of each single 
pass test is Fig.l. Before forging. the 
mean height and width of each bar was obtained from 


indicated in 


an average of about 40 micrometer measurements 
each. The values were adjusted during calculation to 
allow for the slight 

heating. For length measurements, 
drilled on each face of the bar some distance from each 
end to avoid end effects, and the length between the 
24 corresponding pairs of holes measured. When the 
test had cooled after forging the height and 
gauge lengths were remeasured. 

The change of height and length of the bars was 
expressed in terms of the ratios between the original 
and final sizes. A similar ratio defining the average 
change of width could then be calculated because the 
volume of the forging remains unchanged, the three 
ratios being related as follows 


oxide sealing occurring during 


small holes were 


bars 


volume before forging h, u; f, 


volume after forging hy Wo lo 











Tomlinson and Stringer Spread and elongation in flat tool forging 


The final width (w,) obtained from the calculation 
is equal to the dimension which would be obtained if 
a true average over the barrelled had been 
measured. 


faces 


Analysis of results 


From equation (1) above, the following formulae can 
be derived (see Appendix I). 


Ww, 8 4, (>)! 8 
- : ; (2), and cntencmciae 
Wo saa lo hy (3) 


These enable the change of width and length of any 
size of bar to be determined knowing the change of 
height and the numerical value of the exponent s. The 
change of height is expressed in the form h,/h, as being 
more convenient than the inverse term h,/ho. 

The exponent s will be termed the coefficient of 
spread, formally defined in Appendix I as the ratio 
between the lateral and vertical natural strains. It is a 
measure of the proportion of the deformed material 
moving into sideways spread. If s were unity then the 
whole of the deformation would exhibit itself as 
spread, whereas if s were zero there would be no side- 
spread, only elongation. 

The object of the analysis of the test results was to 
establish numerical values of the spread coefficient 
(s) which could be employed in practical forging 
operations, by finding the effect on s of each factor 
varied in the experiments 

The value of s was calculated for each experiment 
and the results are given in Table [ for flat bars, and 
Table II for bars forged on barrelled surfaces, together 
with the associated values of bite ratio, height/width 


ratio, reduction, mean temperature, and temperature 
difference between the surface and centre of the bar. 
Inspection of the tables, which are grouped according 
to bite ratio, shows the bite ratio to be the main factor 
affecting the value of s, and this has been used as the 


abscissa of Fig.2, where the values are plotted. 

It was not clear whether the other factors influenced 
the spread coefficient, or whether the variations were 
due to experimental error, so the results were analysed 


by statistical methods. These showed the following 
i) when all the 43 test results were taken together, 
both the bite ratio and the height reduction 
affected the value of the coefficient, according 

to the formula 


th }, 2 
0-29 0-16 | ‘) ) 0-048 ( -) 
\hg , w 


0 


TABLE Iti Tests on bars with curved surfaces 





lemperature 

gradient, “¢ 
erature, surface 

to centre 


36 











Relation between coefficvent of spread and hite ratio 


(ii) the effect of the 
statistically 


height 
significant, 


reduction, although 
small and on 
omitting it from the analysis, a suitable relation 


was found to be 
b bh \2 
) 0-054 ( ) (4) 


0 0 


was 


0-14 


(iii) if the tests made on bars onl 


considered (i.e 


square were 
25 results) and bars with other 
cross-sectional barrelled 
excluded, both bite ratio and reduction 


again found to be significant factors 


shapes or! surtaces 


were 
when the 10 results on bars with curved sur- 
faces were considered by themselves, the only 
factor which significantly affected the 
coefficient was the bite ratio 


spread 


the temperature of forging, the 
gradient in the 
section had no 
ot s 


the bite ratio and the reduction ace 


temperature 


bars, and the shape of cross- 


significant effect on the value 
unted for 
most of the variance in the « xperimental values 
of s. The residual variance 
indicated that there were no unknown factors 


small amount of 


having an appreciable systematic influence on 


the spre id coetticient 


DISCUSSION 
The analysis indicates that the coefficient of spread 
derived for bar forging depends mainly on the shape 
of the tool contact area, as defined by the bite ratio. 
Equation (4) should predict the coefficient with suffi- 
cient accuracy for practical purposes, and it is super- 
imposed on the tests results in Fig.2. It 


should be 
satisfactory for predictions on bars with previously 
barrelled although it under-estimate 
slightly the spreading for such bars when forging with 
bite ratios of 0-5 or less 


surfaces may 
The exclusion of the effect due 
to reduction of height does not cause measurable in 
accuracy for practi al usage 

The analysis showed no effects attributable to 
forging cross-sectional shape and 
indicated that there were no other factors to consider 
In particular, the lack of any effect due to thermal 
gradients suggests that any effect in large forgings 
with steeper gradients should be slight 

The tests have revealed that less spreading occurs 
during the forging of a bar than during the compres 
sion of comparable rectangular blocks 
completely overlapping tools. From the 


temperatures or 


between 
results of 
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Method ot use 

1. Place straight 
yraph and selected value of b/w 
rr und quadrant 


edge between origin of 


» Inscribed 
2. Locate point of intersection of 
edge with selected value of h,/h, 


traight 


3. Project the point of intersection to the 
axes and read off 


vertical and horizontal 
w/w, and t be 


i 
/ 


/ + 


4 ri 
kK 
/ 
/ 


























published experiments? on such blocks, which are sum 
marized in Appendix IIL, it appears that the spread 
coefhicient for blocks can be predicted by the simpl 
equation s — 6/(6+ w,). The reduced spreading in bars 
is presumably due to the constraining etfect of the bar 
iaterial extending outside the tools. At the 1 : 1 bite 
ratio in particular this is the only explanation, because 
for blocks the lateral and longitudinal extensions are 
equal and the spread coefficient must be equal 0-5. 
In bar forging the value of s is 0-44), 


Journal of The Iron and Steel Institute October 1959 








Industrial application 
The effect of 
between flat tools can be predicted from the results in 


forging a square or rectangular bar 


this paper. Equations (2) and (3) may be used 
together with the appropriate value of s from Fig.2 


Alternatively, the nomogram of Fig.3 may be employ- 
ed te 
On any size 
stock 
ratios and the 


cut down calculation. Predictions may be 
of forging, the 


made 
of the 
converted imto 


absolute dimensiot 


ing being 


ifter forg 
being expressed as the rati 


before and 
tool bite 








Tomlinson and Stringer Spread and elongation in flat tool forg 


between the absolute size of the bite and the width of 
the bar. 

In addition, the in length produced by 
individual forging strokes can be calculated and com 
pared for different height reductions and bite ratios 
The relation in Appendix IIL defines the increase in 
length attributable to each stroke, expressed as a ratio 


increase 


of the width of the bar. Sample calculations, illustrated 
in Fig.4, show that the extension per stroke increases 
with both the reduction and the bite 

To achieve a large elongation on each stroke, there 
fore, both the height reduction and the bite should be 
large. Permissible height reduction is largely a matter 
of the and depends on 
features not considered in this report. Means of in 
creasing it 


forgemaster’s experience 


might well be sought, however, because 


increased reductions do not require any 
In forging 


great increase 
load as is shown by stress/strain curves 
available for steels at high temperatures 4,5 

For a height reduction, the extension in 
creases relatively quickly as the bite ratio increases to 
just above 1; thereafter the extension 
increase, but at a progressively reduced rate 
vations in various forges indicate that bite 
it present decrease as the size of forging unit increases. 
On smaller 


viven 


continues to 
Obser- 
ratios used 


hammers ratios of 1-2 are 


common, but 
on presses bite ratios of 0-2 and 0-3 are typical and 


if these were to be increased larger presses would be 


required. The most economical bite ratio to use in a 
forging operation is considered in an accompanying 
papel 
Other 


bite ratio concern the 


) which deals with complete forging schedules. 
factors to be considered in selecting a suitable 
consolidation of central loose 
Studies by Cook? have shown 
forging undergoes 


ness in forging 
that the higher com- 
pressive strains when large bites are used and studies 
of upset forging® have indicated that 
readily when the tool contact area is 
relative to the height of the forging. 


ingots. 
centre of a 


cavities close 


more large 


CONCLUSIONS 


The change in shape due to any pass when forging 
square sections with flat tools can be predicted from 
the information in this report; most simply by using 
the nomogram in Fig.8. Such predictions are essential 
for deriving complete forging schedules dealt with 
elsewhere.® 

The spread coefficient, on which calculations art 
based, has been measured experimentally to provide 
general values of practical use. The values depend 


APPENDIX | 
PREDICTION OF CHANGE OF SHAPE DURING FORGING 


predi ing the change of shape during 


rnipula tant 


principally 

each stroke 
Other 

that an indiv 

the extension 

bite incre 

but the best 

depe nds upon 


other considerations 
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TABLE Ii! Data extracted from Tarnowski’s experiments 





Calculations from 
experimental 


Values predicted by 
Golowin’s theoretical 











results equations 
by ho hy log (u W9) log Ww, /We) 
Wo Wo ho log | i bo) 5 log (b, be) . 
Steel, hammer-forged at 1000°( 
3°43 1-0 0-54 3°54 0-78 4-58 0-82 
2°36 1-0 0-46 2-33 0-70 2-84 0-74 
1-96 2-0 0-39 1-88 0-65 2-21 0-69 
1-52 1-0 0-43 1-54 0-61 1-69 0-63 
1-47 O-5 0-55 1-65 0-62 1-70 0-63 
As above, but 6 and w transposed 
0-29 0-29 0-54 0-28 0-22 0-22 O-1s 
0-42 0-42 0-46 0-43 0-30 0-35 0-26 
0-51 1-02 0-39 0-53 0-35 0-45 0-31 
0-66 0-66 0°43 0-65 0-39 0-59 0-37 
0-68 0-34 0-55 0-61 0-38 O-59 0-37 
Duralumin, hammer-forged at 500°C 
3-38 1-0 0-62 3°88 0-80 4-73 0-83 
3-02 1-0 0-43 3-47 0-76 3-65 0-79 
2-69 1-0 0-47 3°02 0-75 3-32 0-77 
2-02 1-0 0-42 2.23 0-69 2-33 0-70 
As above, 6 and w transposed 
0-30 0-30 0-62 0-26 0-21 Q-21 0-17 
0-33 O33 O43 0-29 0-24 0-27 0-22 
0-37 O-37 0-47 0-33 O-25 0°30 O-23 
0-507, 0-50 0-42 0-45 0-31 0-43 0-30 
T+ 
We Wr u u 


+———++—b a Average final width, wy : -- = 

_———+-—-— dm — b-b 
| ve length, ¢ = 
| J 








A as 








Initial size 


rewritten in the forms: 


== (A) anf (8) 


l 0 1 


The final equations can be 


APPENDIX II 


SUMMARY OF DATA EXTRACTED FROM EXPERIMENTS 
BY TARNOWSKI 


Experimental work has heen previously reported on the 


compression of rectangular blocks deformed between tools 


completel ering the blocks. Of this the only experiments 


providing sufficient information from which calculations 


could be n » due to Tarnowski.? 


He proposes, from theoretical considerations, the generally 


accepted view that in the absence of surface friction a 


compressed block would deform uniformly and preserve the 
same length/width ratio throughout deformation. This implies 
that the strains in the width and length directions are equal 
for all shapes of block and the coefficient of spread, 8, would 
have a constant value of 0-5 


Under practical conditions frictional constraint oceurs, and 


Tarnowski to check theoretical 
length of 


frictional « 


experiments were done by 


predictions of change of width and rectangular 


blocks put forward by Golowin for onditions. 


Golowin’s equations are given below in the forms which are 


applicable when 6 (the length of the block) is greater than w 


(the width 
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5 Relation hetween coefficient of spread and bite 
rectangular blocks (Tarnowski) 


ratio for 


u 


‘ 1 I 
Change of width: 


ho I 





= * / We fo _1 
Change of length: | 1 + —] 


The materials tested by Tarnowski included steel, hammer- 
forged at 1000°C, and duralumin, similarly forged at 500°C. 
The experimental information and the values predicted by 
theoretical 
logarithmic strains, and the data are given in Table III. It 
that test 


Golowin’s equations have been transposed to 


should be noted each provides two 6/w values, 
depending on the directions in which w and 6 are measured. 
The method used by 
and length dimensions after compressing is shown in Table 


Itt. 


Tarnowski to obtain the average width 


The data suggests that the simple relation 


defines the deformation better than the more complex 
equations predicted by Golowin. 

Using the constant-volume law the relation suggested above 
indicates that the value of s for rectangular blocks is defined 
by the t 

} 


relation 8 b (b w,). Figure 5 shows tha 
mental values of s for both steel and duralumin closely follow 


t the experi- 
this relation. 
I'he theoretical predictions by Golowin over-estimate the 


value of s when //w, is greater than | and give an under- 


estimate for b/w, less than 1. 


APPENDIX Ill 
CALCULATION OF EXTENSION PRODUCED PER STROKE 


The extension produced by each stroke in a forging operation 
can be calculated as follows: 
The extension per pass ,—h, 

Lo 


The number of strokes per pass = 


) 


b(1,—4, os ¥ 1 
rm ae 


gives the extension as a proportion 


..the extension per stroke 


Dividing through by wu, 
of the bar width. 


bf 
x i 1 
uo Lo 


ho\ 1 
from Appendix I F ) 
7 


This function will be termed X. 


ean be substituted for 








Theoretical analysis of 
bloom and billet forging 


J. G. Wistreich, D.Sc.(Eng.), and A. Shutt, B.Sc. 


SYNOPSIS 


A theory has heen de veloped for the cogging of square hlooms and billets hy means of flat 
tools with the riel to finding the he st working procedure for use ina mecha? i ed press 
forge and to provide leads on the development of plant and techniques for automate 
Jorqging. 

First. the shaping and manipulative actions that make up the Process are described in 
gene ral terms hy invoking the principle of geometrical similarity and with the aid of a 
semi empirical rule about lateral spread Neat. the many conceivable workin j procedure . 
are classified topologically and the class most CONSPUCUOUs for economy of actions 48 
identified. This is then examined with re spect to the duration of the job. the required load 
capacity of the Press and the costs of production for the type of plant in which not only 
shaping hut also manipulation is fast and precise, and the two are prope rly synchronized 
From this, working methods can be specified for maximum 


fe rate of output and for minimum 


cost hoth absolutely and fora particular ford The re follows a discussion oO] the in pl 
cations of the theory for plant deve lopme nt. 

The pl hie ipal CONE lusions areas? lows 

1. Gene rally, the most efficv nt working pi wedures are those in which both queen and 
feed increments are progre ssively changed ti Pp yportior to the current height and width 
of the prece, so that its cross-section alternates between the quare and one recta qular 
sha pe 
2 The most effective means of attaining high output rates is to e iploy throughout as 
large a reduction of the height of the piece as is compatible with requirements of product 
quality 
3. There is an optimum feed ancrement for eat h job and working rate of plant which 
together with the maximun SYUCEZ yields the cheape t working procedure at an output 
rate only slightly infervor to the maximum. If the plant consists of a modern fast stroking 
Press and a manipulator with a performance that matches that of the pres then this 
optimum is JU-100 larger than is in common use at present, Corre pondingly the load 
rating of the press needs to be large ; 

4. The most urgent target for plant em proveme nt is faster feeding of the prece in cogging 
PASSES and quicker y anipulation hetiveen Passes. 
5. Research on tool design is desirable, with the object of raising the present limits on the 
reduction of hei yht ma single sq ueex 1756 


INTRODUCTION the heat-treatment and machining of forgings, which 
THE WAY in which a forging is shaped is at present left 4° Pr scribed in some detail. However, the idea of 
to the on-the-spot judgment of the forgemaster. This Pe planned forging is gaining support in some US 
is in marked contrast to associated processes, such as forges and, judging by a recent Russian book on 

the design of heavy forges,' is already ace« pted in the 
hae MW //S1/60 of the SR AR ONE FR NT USSR. Both US and Russian ideas seem to be tied 
Iron and Steel Research Association received 10 August to prev iling practice which may well have to be 
Ths <ihsen stamens ave the eathend’ and san ant seventies revised when the many changes of equipment now 
endorsed by the Committee as a bod) afoot find their way into forges. For this reason, a 
Dr Wistreich and Mr Shutt are respectively, Head of Mechani more fundamental approach to the problem seems 
cal Working Division and Scientific Officer in the Division desirable, with the object of evolving generally valid 
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Zz» 
LO J 
1 
n ' 
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i Hh 
- 
vod 
“” ee a 
. ho vy 
q - 
u 
1 hile ent / yu te} he f t / t/ ‘ 
nd the upper too } / 
principles of programming and of providing guidance 


most adv 


oi plant and working method 


on the potentially antageous co 


In the present paper, these ideas are pursued fot 
particular fi 


squ ire blooms 


i 

rying proce ~ name ly the covging ot 
1 

i 


and billets by means of flat tools, anc 


for the type ¢ f ln 


automatic plant emergin: 


development in our laboratories This 


I 


chosen because the mathematical ditheulti of a 
theoretical analysis seemed least formidable in this 
case: for the same reason the analvsis ignores the 


initial breakdown of the ing 


planishing of the product 


potentially much wider uses, since ¢ ring enters into 
the manufacture of the majority of forgings made in 
open dies 

Nature of problem 

The function of press « ving is to reduce the size of 
the cross-section of an oblong piece; also, the shape of 


the final cross-section is quite frequently meant to be 


the same as the initial one. Since the piece is forged 


stepwise on account of its comparatively great le noth 


the operation consists ot 


numerous squeeze ipplied 
to portions of the plece ind of in-between movements 
of the piece as a whole. In the interests of economy of 
movement and least distortion of surfaces, the 


squeezes are so arranged that the 
height from end 
termeda ‘pass’. Invariably, several passes are needed to 
accomplish the job; also 


WOrke d at one 


piece is uniformly 


reduced in to end in what will be 


, both pairs of faces have to be 
time or another because not only the 
height but also the width of the piece must be reduced. 

Although, in principle, the 
this procedure might be 


number of ways in which 
carried out is infinite, the 
considerations of 
and the 
limited range of elevated temperatures. Within these 


choice is” restricted by product 


quality, plant performance need to work ina 


practical limits, the numbers, sizes, and sequences of 
squeezes and in-between movements can still be 
|, and which combination is to be 
preferred will depend on how long it takes to complete 

These 


and their implications for further development will be 


varied a great deal 


the job and how large a plant it calls for 


ISSUCS, 


considered in the main body of the paper, but. first the 


technological bounds of the problem will be derived 
aa | ssence, t Pp faf I 1 
ra t i ’ r. th rr v} , ‘ j 
and controlled with precision? 
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about deformation in the ele 


what is known 
tep of the 


from 


mentary working operation 
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THEORY OF COGGING STEP 
Spread law 

Fig.l which depicts the individual 
step the independent variable are the 
and the ‘bite’ 4. The 
satisty the ree 


Referring to 


cogging 


resulting dimen- 


“squeeze h, h, 


changes 


which takes the 


sional juirement of volume 


constancy general form 


] \ 1) 
where | denotes the ‘squeeze ratio’ hy/h the 
spread ratio’ w,/w,, and A the forging ratio whe why, 


which is also a measure of the elongation of the piece. 
How 


compared with th 


much elongation is obtained from a squeeze 


has been the 
which suggest 


amount of spread, 
subject of concurrent investigations 
that, within the range of conditions of practical 
interest, this depends principally on the ‘bite ratio’ @, 
which is the ratio of longitudinal to lateral dimensions 
of the initial area of contact between tool and piece 
b/w, in Fig.1). This relation will be referred to as the 
spread law’. For the purpose of the present analysis 
the preferred form of the spread law is 


| ) 








Equation (3) is not entirely in accord i TABLE | Parameters of cogging schedules with 90 rotation 
mental results*}4 but its mathematical simpl is after each pass 
most helpful in further analysis ene 





Local deformation 


The above three equations specify the o ull dimen 


! 
i changes ol the piece re 


However. thev ignore local di 

faces of the piece which arise as 
constraints imposed by friction 
stock and by the overhanging bulk « 
form of distortion differs according 
cross-section of the piece 

larger the squeeze and b 

the distortion Thi 

but judging 


ctat preset 
the SqUuecZt 
is to keep this 


the 

facto 

the diste 
Important } 


Technological bounds 
The for 

within 

sh ipe () 

Kor 


issue 


The first and third bounds may 
stances, give an upper bound 


that imposed by the largest pu 


Load 


The load associated wit} 
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b 
= 
® 
s 
. 


M 
ao 
> 


2 Number of strokes taken by dimorphous 


, ’ 
chinotogica wmitr are shown wind the area 


to one or the other of the two patrs of oblong faces oft 
the which if employed in the order specified 
will impart the desired forging ratio and final 


piece, 


shape 
factor to a rectangular prism with a specified initial 
shape factor 


This definition, together with the spread law and 
constant-volume law enables one to formulate the 
necessary equations from which the suitability of 


schedules can he assessed To illustrate thi let us 
in which successive 


An « 


then required, and the relevant p 


consider the case passes are per 


formed on alternate pairs of faces ven number of 


passes Is irametet 
are given in Table I 
With the aid of these 
then derived. one of which specities the 
regards the cross-sectional shape 
gation of the 


relations, two equations are 
conditions as 
and the other as 
regards the elon 


piece | he « quations ire 


1 


[T — 7 


1 ai S 
where A is the total forging ratio envisaged 

Taken together with the bounds stated in_ the 
introduction, these two equations specify all techn 
logically admissible schedules of the tvpe in w hich the 
piece 1s turned through 90° after each pass. Some of 
these schedules, of course. are of no operational 
interest: especially schedules involving an unduly 
large number of cogging ste] The total number of 
cogging steps issociated with a particulal scheduls 


ce rived in 


Lon 
heen computed for the case 


calculated from the 
Appendix Il. These hay 


of square billets 


can be equation 


on the Pegasus computer for 18137 


*See Appendix II for the derivation of the equa 
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different combinations of arbitrarily chosen values of 
the and the 30 schedules with the least 
number of cogging steps were printed out. The method 


variables 


results are summarized 
in Appendix II. The main points of interest are 


of calculation and the salient 


than 
‘best’ 


i) the 
half as many steps as the ‘worst’ « 


best’ schedule required little more 
fthe 30 


ones 


the 
or 6 values made a con 


siderable difference to the number 


interchange of 
sequence of either 1 


ll) an successive terms in 


ol steps 
Although, on the face of it, the number of schedules 
examined in this calculation is large, it is an insiynifi- 
cant fraction of the totality of potentially 
schedules, 


usable 
a more efficient method of eliminating 
Now, the 


stated findings suggests that if schedules were 


and 


inferior schedules is required second of the 


above 
grouped according to the patterns exhibited by the 


sequences of squeeze and bite ratios, the differences 


between some groups of schedules may be sufficie ntl, 


large to eliminate entire groups from further considera 


tion Examples of sequence patterns are uniformly 


ascending, varying cyclically, or constant values, of 


eithe squeeze O1 bite ratios. or of both 


Proportional schedules 
The 


cally Is 


theoreti 


cla 2 of schedules ot particular interest 
ind bite ratie ire 


Since this 


that in which both squeeze 


condition 


constant from beginning to end 
implies that press and manipulator motions in each 


pass bear fixed proportions to the current height and 


width of the piece, we shall speak of ‘proportional 
chedules 

The class may be further sub-divided according t 
the number of intermediate cross-sectional shapes 
values of issul ed by the prece The Ty} pote T t) 
class is that in which the piece alternates between the 
square and only one rectangular shape and is turned 
through 90° after éach pass or after each odd p 


let this be known as the group of “‘dimorphous simple 
DSP) schedules. The 
ts 


next 


that h ng tw intermediate rectangulal hapes 1.¢ 
thre shapes ineluding the square und the ( ure 
ittaimed by working each pair of faces either twice 


turning 
l th pass; this ts the 
proportional’ (TSP 


Further sub-classes are readily 


over before turning to the other pair, or by 


after the sixth, . 2 (n 


second 


group of ‘trimorphous simple 


schedules specified by 


inalogy 

It is a feature of SP schedules that the piece 
periodically reverts to the square shape, and the evele 
consists of 2p passes where p is the number of intel 
mediate rect wngular shapes * It follows that the first 
basic schedule equation, which defines the conditior 
about initial and final cross-sectional hapes (cf 
equation 7)) is automatically satisfied so long as the 
number of passes in the entire cogging operation Is an 
integral multiple of the evel 


This property f automatic reversion to the 


square 


shape allows one to combine two or NSP schedules 


ithe hele 


different values of the 


more 


which ¢ ng to ditterent sub-classes or have 


queeze and bite 1 iTIOS. O1 hoth. 
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We shall refer to these as ‘compound’ proportional 
(CP) schedules. In general, a CP schedule involves 
more intermediate shapes than the component SP 
schedule with the largest number of 
shapes. There is one exception to this rule namely , the 
‘dimorphous CP’ class which consists of two passes of a 
DSP schedule with an ‘isomorphous SP schedule’ for 
rectangles (rectangle-rectangle .) sandwiched in 
between the two 

The second basic equation of SP schedules, which 
the about total forging 
follows at once from definitions and previous equations 


2pk l 
log A 4 7, log ‘ 


where & is the number of cycles and 2 p is the number 
of passes in a cycle. 


intermediate 


specifies condition ratio, 


DSP schedules 

The number of cogging steps (M) in DSP schedules 
L911), since a DSP 
schedule is a particular case of the general schedule 
Appendix II. As there, the 
reduced to 


Mh, } -—-—— | : 

This function has been plotted in Fig.2 for 1-3 
from which it will be seen that the larger the squeeze 
and bite ratios, the fewer the number of cogging steps 
needed. The graph illustrates the further points that 
in the bite 
either squeeze or bite ratio have a pronounced effect 
on the number of steps, and in the region of large bite 
ratios change in the 
effect but 
ratio is very small 

Since in DSP schedules the least number of cogging 
steps Is issociated with the combination of the largest 
bite ratios, it follows that 
general schedule of those calculated on 

DSP schedule 
and @ occurring 
Instance quoted 

CP schedules 


can be calculated from equation 
considered in shown 
equation can he 


region of small ratios, small changes in 


squeeze ratio still has a large 


the variation due to a change in the bite 


permissible squeeze and 
even the ‘best 
the computer must be inferior to the 
based on the large st combination of 1 

in the former. This is born out by the 
in Appendix If. It follows, too, that 
other than the DCP s 


more steps than the corresponding DSP schedule 


hedule. are 


TSP schedules 


The equation for the number of steps is derived in a 


manner analogous to that of equation (10). Noting 


that p 


2 in this case 


1] 
which exhibits the same general trends as equation 
10). The function is plotted in Fig.3 for comparison 
with DSP schedules. It noted that the ¢4-limit 
is reached at lower values of 1/y and @ than in the case 
of DSP schedules. Comparing the two gr 
that the efficient DSP 
superior to the most. efficient 
generally, if large values of 1/5 
DSP schedules require substantially fewer strokes for 
the same | and #4: the TSP schedules 
better in the region of very small @ and 1/y values. 


will be 

ups one sees 
! 

markedly 


and 


schedule is 


TSP 


most 


schedule 


! 
are slightly 


bound to involve 


can be employed the 


DCP schedules 


1 


In this class the shape sequence square- rec tanytle 


piece 
and the bite ratio is ec 
from 


rectangl rectangle square, the heing 


turned after each pass 
throughout. It follows 
! 


and the spread law 


considerations of 


that the squeeze ratio can 
for the first anc 
for the intermediate passes of the 


tangle 


metry 
assume only two values, one l ultimate 
other 
rectangle ree 


Moreover t Is 


ratio 


Passes the 
namely “isomorphous quence 
readily shown that the first 


root of the 


Squeeze 
The 
| ] rt 


then, by anal 


second 


Is equal to the square 


second basic schedule 


equation is 
with equation (9 


ratio in the intermediate 
Although this is a more 
those of the SP schedule 
exhibits a trend, the 


sque 7 


wher 1/5 is the 
rl 


rectangle rectangle sequence 
than 


considered, it 


complex function 


so tar similar 
number of cogging steps decreasing with increasing 
squeeze and bite ratios 

The DCP and DSP schedules are compared in Fig.4 
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OPERATIONAL ASSESSMENT 


» i es ] We shall 


ll now seek to establish which are the best 





| % schedules for use in the forge. For this purpose, the 
s L \ factors to be considered are: the time taken to com 

| plete the job. the press ¢ ipacity and the cost of the 

| job. We shall concentrate on the DSP schedules for 






the reasons just stated, 


Fastest schedule 


\7 The time to ec mple te a cogging by cle pe nds not only 
6 ee \ © «chediile on the number of cogging steps but ilso on the number 
| ’ J | 
\ }-1° | of passes, On aces unt of re-positionin and turnn 
| x | I ~ 5a 
| between pou Cs Mince as shown eartlel WV varies 





| Q inversely and & directly with #, there must be a 





t WW 


QUICK 


Natural 


etal later o1 For present purpose i somewhat 
° | j . I 

simplified mathematical model of plant operation 

be Spe ified. with reference to the following practhe il 
































i) the stroke rate ot modern presses vary in 





ipprecia bh With perme 








1 3 and two values of the squeeze ratio. This — of the plant, and # the dimension to be squeezed; and 


illustrates the point that the DSP schedule group al that the time for interpa manipulation S 
ways requires fewer cogging steps in) comparabi constant. Confining ourselves for the moment to those 
conditions DSP schedules in which consecutive passes are started 

The indications of the foregoing analvsis are that trom opposite ends of the piece and this is turned atter 
no matter what the details of the working procedure, ich pass, the time to complete the schedule 


it is desirable to employ the largest allowable squeeze 
und bite ratios in each pass in the interests of reducing ] 


{ 
the number of cogging steps to the minimum. Further ((: ) 1 ) log{_ } 
\ ) 


more, the group of dimorphous simple proportional 





schedules is, in this respect, potentially superior to any 
other conceivable class, firstly, because it enables one rhe equation is derived in Appendix III, where it is 


it 
| : rt { ; on A 
to use the iargest possible queeze ratio Tor anv given tis shown that the function has a minimum for a 


} 1 1 1 ' lia 1" } ? | 
bound on the slenderness of rectangular shapes and the value of which increases with A and | y. and also 


T it} he noth o hy 1E( ) ylca t } 
SecOonaly HDecause thus value ot SqUueeZe ratio ind a with th Initial length f the pole e, One also otes that 


correspondingly large value of the bite ratio is main- the longer the inte rpass manipulating time Ss in 
tained in all passes relation to the cogging rate of the plant (as defined 


The issue not as clear-cut in the range of small v A), the smaller th ptimum value of 
bite and squeeze ratios. Indeed, for values dominating Io illustrate these trends, the time function has 


ee ara 7" a 
much of current industrial practice,* DSP schedules °°" ' ilculated for the case of pieces initially 4 ft long 
A annasd ta 02 gee = if a ae f 
mav even be slightly inferior. However, even withit ind cogged to 12 ft ina plant with a working rate of 
1 ’ } } ene tig at rc eS 1 ! r) i? 
this range the DSP schedules have the advantage of 54 one-inch penetration. strok per minute and an 


I ; ss m lation time of 3s. The { » plo 
simplicity, which is particularly useful when trans Interpa s manipula nh time OF o Phe data are plot 


| , ted j r > for t squeeze ratios: the ir Iso 
latin schedules into specie programs; indeed the \ ted in Fig » TO! \ jUuceze rat he heu i 


lend themselves to automatic programming systems ntains curves (shown dashed) for a manipulation 
which are self-correcting in respect of deviations from time of 6 s, to draw attention to the importane> of the 


the postulated spre id law 
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interpass manipulation time for the overall time, for 
the value of the and tor the effect 
of the bite ratio on the time rating of the schedule. 
he fastest schedule by equation (14 

be improved upon | mitting rotation 

ifter passes vhich 
schedules. This reduces the 
14 by a factor 


ingly increases the optimum 


optimum bite ratio 
aenned 
even permiss} 
‘ond term 
of between 0-5 and 1-0 
t the 
same 

added to the 
iverse of the piece 
between passes. The term is derived in Appendix [1] 
ind its implications for 


If all passes have to be 
{ the piece, then a further term m 
time function to allow tor tull tr 
manipulator design are dis 
part of the paper 


i. later } 


hat in addition gthening the 


it lowers the value 


Consideration of forging load 
We shall now examine the 


effect of the 


forging load « 
the choice of schedule for a press of given load capa 
of the foregoing 
First 
ot the ( 
most likely to 


city and, conversely, the implications 
analysis for the choice of press capacity 
ever, we must ascertain at which stage 
operation the peak load is 

In the odd-numbered 
between tool and st 
passes At the 


and constraint 


occul 
passes, the 
ck is larger than 
time, the 
facto! 


succeeding even pass are small 


in vield stre 

in odd pass and the 
he net result is that 
the load is always greater in an odd pass than sin 


same change 


het ween 


the following even pass. Since geometrical milarity 
is preserved at the beginning of each odd pass 
proportional schedule, the constraint factor 1 

all the odd passes und can be omitted fr 


consideration. The area of contact is re 


same for 


further 


h and Shutt 


Here it will 


myptimum bite 


Theoretical a 


n the 


last odd pass, s¢ tha 


equ il to w,"4 


of contact Is approximately equal to 
rat l 
It follows then, th: 
han 1 times the 
then 


ield tress 


it the end i 


OMmMMence 


during 
( ret colder 


Increase 


forging, principally be« he pi 


How vreat the temperature drop, ce on the time 


yo Tie 


taken and the size of the piece, and will therefore 

\ Taking the case of vi V-carbon 
vield 
2-3." If the forge 


speeds « mparable with those 


vith circumstance 


el worked between 1200 any ¢ the 


in stion works at 
onsiderably in 
which a 
down from 


erelore, that In a roe 


forging rati 


used in plotting Fig.5 
3 can be obt 1ined l ! im in 


ially as small as S8-in. square | 

any ( It 

of foot 
i fa 


id occul 


seems 
and manipulator the 
of the 
of DSP schedule 


acti y pre 


in the first pa Calculation 
load used on eAac h pass ola variety 
support this conclusion 


Optimun pres 


chedule 


The si of press re 


be calculated fre 


juired for any job and 
m equath n 


optumum press size for a 


can be demonstrated as follo 


Since the peak load 


output rate 


Increase monotonica 


Dbite ratio for a given queeze rat cf equati n (® 


the press capable of delivering the peak load asso 
ciated with the 


the rob more 


optimum bite ratio 


vill accomplish 


quickly than any smaller pr any 
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TABLE it! Comparison of schedules with load ceilings 

Press size Optimum Sub-optimal 

[ype of schedule Fastest Fastest I wo-tier 
DSP DSP DP 

Forging ratio % i) $x3 

Squeeze ratio, 1/y 1-3 13 1-3 

Bite ratio, 6 1-4 0-9 OO 1-4 


20 


Peak load, tons 4430 2950 2950/2 950 
Pass time, mir 6-2 7-4 6-5 
Interpass time, min 1-0 OR O-¥ 
Total time, min 7-2 8-2 7:4 





larger press cannot improve on this performance since, 
by definition, the optimum bite ratio provides the 
fastest schedule; ipso facto, if worked according to the 


fastest schedule, any larger press will be under 
employed. 

Fi red pre 3s capacity 

Equation (6) can also be used to find the largest 


squeeze and bite ratios on a given press, by regarding 
the term P as the press capacity factor for the job in 
that d=1 in this Curves of 
constant P have been plotted in Fig 6, together with 
curves of T, for use in locating the fastest 
schedule for a given press capacity 


question (note case). 


constant 


Fastest schedule for sub-optimal press 

Figure 6 suggests that a schedule only slightly slower 
than the fastest can be accomplished on a press of 
appreciably smaller capacity than the ‘optimum’ just 
detined. However, when forging ratios are 
involved, the loss in output rate may be more pro- 


large 


nounced.* In this case, the loss can be partly retrieved 
by means of a compound schedule, consisting of two 
or more DSP sequences with identical peak loads and 
squeeze ratios, the last of which is based on the opti- 
mum bite ratio 

The principle of this compounding scheme and its 
benefits are illustrated by the following example 
a 36 ft long 8 in. «8 in. billet is to be made 
from a piece initially 4 ft long and with an initial vield 
stress of 2-9 tons/in*, on a plant with a load capacity 
of 3000 tons and having the cogging rates and inter- 
pass manipulation time specified earlier; compare the 
fastest DSP schedule attainable on this plant with the 
fastest compound schedule consisting of two DSP 
sequences of equal forging ratios. The problem is 
worked out in Appendix LV and the results are set out 
in Table LI. 

Not only is the compound schedule faster than the 
fastest DSP schedule the press 1n 
question but it fast as the very fastest 
associated the optimum press. One 
whether compound schedules 
might not be generally preferable to DSP schedules 
when the job has to be done on a sub-optimal press and 


suppose 


obtainable on 
is nearly as 
with 
wonders, consequently 


schedule 


whether more elaborate compounding would be even 
more Unfortunately, the scope for 
compounding in this manner is limited because the 


advantageous. 


curves in Fig.6 are pl 


one FT 


change of 7' 


ttted for A=3. The rate of 
with @ for bite ratios smaller than the optimum is 


roughly proportional to A~—1 (ef. equation 14 
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smaller the forging ratio of the component sequence 
the wider apart are spaced the admissible @ values for 
any one squeeze ratio. For instance, in the example 
just considered, a ‘three-tiered’ schedule is not 
realizable on the press in question save with a smaller 
squeeze ratio in the middle sequence, as a consequence 
of which the total time exceeds that of the ‘two-tier’ 
schedule. 


Cheapest schedule 
The scheduling theory can also be used to determine 
the DSP schedule for which the forging costs are least. 
In general, this must be than the fastest 
schedule, as is shown by the following argument about 
marginal costs. 


slower 


Imagine a series of forging plants identical in all 
respects save one, namely the load capacity of the 
and let them be 
job, each working at full occupancy and maximum 


press engaged on one and the same 
output rate The cost of cogging per piece is (A 
b) T, where A varies with press size and B does not, 
and 7’ is the time per billet according to equation(14) 
If the squeeze ratio is kept constant, then U is a 
function of 6 only. In the stated circumstances, A is a 
monotonically increasing function of @ (ef. equation 
(6) and 7 passes through a minimum for an inter- 
mediate value of 6 (cf. equation (14)). Differentiating 
L’ with respect to @ and equating the differential to 
zero, the necessary condition for U to be at a minimum 
isd 7'/dé dA /dé) T/(A+ B). Now T’, A, and B, are 
always positive, and so is dd /dé by definition. Conse 
quently, dU’ /dé—O0 when d7'/d@<0. Since the latte 
occurs when the bite ratio is smaller than the opti 
mum, it follows that the cheapest schedule is slowe 
than the fastest schedule and the plant with the lowest 
cogging cost per piece is ‘sub-optimal’, that is smaller 
than the plant with the highest output rate 

The function U inverse 
of the function 7'(@) to provide a cost/output curve 
for any particular job and set of operational char- 
acteristics of the forging plant. An example of this 
has been worked out with the aid of rudimentary cost 
data and plotted in Fig.7 
shown for two levels of occupancy of the plant, for 


#) can be combined with the 


Two sets of curves are 
a squeeze ratio of 1-15 and the maximum permissible 
squeeze ratio respectively; all the curves are based on 
DSP schedules 

Figure 7 emphasizes that the difference of output 
rate between the points of maximum output rate and 
of minimum cost diminishes rapidly with a drop in 
occupancy. Since in practice a LOO, occupancy Is not 
realizable, one concludes that the cheape st schedule 


is, to all intents and purposes, the best all-round 
schedule. 

Effect of heating costs 

Although not within the scope of the paper, the 


heating procedure cannot be ignored when planning 
the cogging operation, owing to the strong techno- 
logical and operational couplings of the two processes. 
Not only does the amount of heat required depend on 
the time taken by the cogging, the size of the piece, 
the forging ratio, and the starting temperature, but 
the choice of the cogging time will be influenced by the 
metallurgical requirement for the finishing tempera- 
ture to be below a specitied figure, and by the effect 





Wistreich and Shutt Theoretical analysis of bloom and billet forging 171 


of temperature on yield stress. Furthermore, owing to 
the markedly different time rates of the heating and 
forging processes, the foregoing technological consider 
ations will need to be further trimmed by operational 
factors of the forge in question, which are all the more 
important since heating costs are of the same order of 
magnitude as cogging costs 

On present practice alone, in which the piece 1s 
heated and reheated to the same upper limit, the main 
effect of heating costs on the choice of the most 
economical schedule is to single out for preference 
those schedules which can be completed in en integral 
number of heats, inasmuch as each reheat represents 
a substantial and finite addition to the production 
cost of the piece. Thus, the effect could be allowed for 
by introducing into the equations a condition which 
would be formally analogous to the condition about 
the number of pass cycles & being an integer. Re 
calling, however, that the emphasis of the present 





analysis is on methods and equipment well in advance 
of established practice, and noting that the ‘best 
schedules here considered may substantially cut down 
the quantity of heat required, this approach seems 
hardly worthwhile 





It seems to us that for reasons of fuel economy as 
well as to bring the time rates of the two processes int: 
better harmony, future heating procedures are likely 
to be more flexible as regards both starting tempera 
ture and the amount of heat put into the piece at on¢ 
go. In other words, the heating procedure will be 
fitted to the cogging operation rather than the othe1 
wav round, as at present. If this forecast is correct 
then the effect of heating costs on the choice « 





most economical cogging schedule will be of 


order only and need not be further considered in the 
context of the present paper 


IMPLICATIONS FOR PLANT DEVELOPMENT 


On the strength of the present analysis, the load rating during stepwise advance * Assuming that the distance 


of future presses ought to be higher than at present, travelled by the press crosshead during the remainder 
so as to take advantage of the improvement of output © the press stroke cycle bears a fixed ratio to the 
rate with bite ratio. Just how substantial the increase Squeeze, this time ts 

should be, will depend on the relation between inter- 

pass manipulation time and pass cogging rate and on ? i 
the capital costs of the power unit relative to those of 


where a is a constant and @, is the ‘mean’ crosshead 
the press and manipulator structure. p 


x speed defined by analogy with @,,. To the first order of 
ANO che ‘9 press oe speeds aia t Gp approximation, the two representative velocities can 
visage ‘ ulatio 3s ve substa all : — . 
envisage ; ae gr ge " n a very su ntially be taken as independent of stock height, particularly 
ove ve > mig we xX; t . 1e 3 5 1 

Improves ndeed, one might well examine the merit if we now confine ourselves to a narrow ranye of stock 
of slower stroking rates coupled with higher load ; 

: ; adimensions. 
ratings. Since this view is in conflict with recent 


trends of development,!” it seems desirable to enlarge 
on the reasons for it 


From the previous section, the schedule parameters 
appearing in the two equations may be taken as 
onstant. Consequently, the effective stroke rate of 
During a cogging pass on a properly synchronized the press which is the inverse of the time of the 
complete stroke cycle (t,-+t is 


p m 


combination of press and manipulator, the manipu 
lating time corresponds to the idle portion of the press 
stroke cycle and should be short in the interests of 
greatest utilization of the press, which is the more 
costly component of the forging plant. For the purpose 
of the present argument, this time is conveniently where ¢ and d are suitable constants. Equation 
stated as shows that the effect of a change in crosshe 


Oh/ bE, 
* The formal definiti 
where vm 18 the mean velocity of the manipulator is the Lebesque integral 


gyre 
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on the stroke rate de pends on the relative n 


of the two terms in the denominator. To illustrate the 
pont data on 1 modern 3 000-ton forging pres 
quoted by Elkan and Lewis! have been manipulated 


on the 


and d. The specitied working 


basis of some plausible assumptions about ¢ 
rate of this press when 
30/min. If all crosshead 
the working 
either the 


cogging with 2-in. squeezes is 
doubled, then 


doubling 


speed were rate would 


increase by IS penetration 


speed alone or the approach and release speeds alone 
would raise the working rate by 8 In contrast with 
thi 1 doubling of the ‘representative’ manipulating 
peed would increase the working rate by 33 with 


~ crosshead speeds or t he 
halved 


in the pre 
almost 


change 
could be 
working rate. 
The last figures tellingly illustrate the desir 
quick stepwise manipulation in a cogging pass. No 


out any 


latter without affecting the 


ibility of 
less important 


strated by the curves in Fig.5 


the BISRA 


is interpass manipulation, as demon 
with 


forge, the need is for 


from experience 
expr rimental 


elimination of delays between successive actions 
rather than for faster rotation and hoisting move- 
ments. The analysis in the previous section and 


Appendix III also conveys the marked superiority of a 
manipulator capable of cogging equally well whether 
advancing or ove! that used 
the The ditt rence Is, ot course 
determined by the nature of the peel action during the 
release of the piece by the press tools, and this should 
he given close attention by manipulate r designers 


retreating must be 


one 


only on retreat 


Throughout this paper, a complete interlocking of 
press and manipulator controls has been taken for 
granted further assumed that the 
manipulator and press characteristics are so matched 
that the rate of the unit when cogging 
veccording to a particular DSP schedule, is strictly 
proportional to the ree iprocal of the current size of 
the and (1S this 
implies that the ‘representative’ velocities of the 
machines are inde pendent of the size of the prece In 


and it has been 


working 


piece. Referring to equations (17 


two 


the case of the press, this is very nearly true becausé 
of the high crosshead 


delay time 


iccelerations and short action 
s of modern pres 


vhic h 


vivance is 


ses. Not so with present-day 
the OTe 


taken up by acceleration and 


manipulators in iter portion of the 
stepwise 
deceleration and, indeed, a steady speed is probably 
in the latter passes of a cogging 
when the bite is comparatively short. Assuming 
that a part of the bite is traversed at a steady 
speed, the time for the complete bite is t= 6h/dv+v/f, 
where v is the steady 


never! ittained iob 
how 


speed and f the acceleration. It 
follows that even if the manipulator performance is 
matched to that of the at the start of a 


cogging operation, it behind towards the end 


well press 
will lag 
combined 


ind therel Vv impai the performance of the 
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plant, unless the second term in this time function is 
made small relative to its first term. The function 


helps one to set a suitable target for the manipulator 


performance, e.g. one might aim at f—5??/h which 
with 6x1 and ¢ 1 and a total forging ratio of, say 
l $, would maintain the match of press and mani 
pulator performances within 10 An even higher 


would enable the matching to be 


factor 


maintained over a 


numerical 
wider range f ibs 


Finally. in take advantage 
itv of proportional 
press-crosshe 


shi uld Init 


of the 
controls of 


order to superior- 
both 


ad movement and manipulator traverse 


schedules, the 
lude means of automatic reference of 
position displaceme nt to the 
of the 


current height and width 


piece 


CONCLUSIONS 

The the ory demonstrates the advantages of re lating 
squeeze and bite to th d width of 
the prece termining the 


height at 


current 
ind it provides means for di 
best values of these for any set of eire 

Whatever the job and plant, it 
ipply the larce st squeeze that can be t lerated with 
risk of lapping, rhombic distortion, or 
buckling in the subsequent pass. The choice of the 
bite for a particular dictated by the load 
the press and by the need to strike the 
balance between the i 


umstances, 
Is advantage ous to 


out surface 


iob is 
capacity of 
right 
and of passes, which varies with plant characteristics. 

The theory adds support to what is already known 
about the desirability of faster manipulation in the 
interest of making full use of the pre which is the 
most costly component of the plant. It als 


further requirement of accurate control of manipu- 


numbers of cogging steps 


© poses the 


lator feed. Once these needs are satisfied, the load 
rating of presses will need to be raised if one is t 
realize the large improvement of the efficiency of the 


cogging operation which the analysis shows to be 
possible 


The 


quicker, 1n 


more etherent the workn oy procedure and the 


consequence, the completion of the jol 


the greater is the need for flexibilitv of heating and the 
more important it is to eliminate time delays i 
transporting the piece between furnace and press 
These aspects of forging call for intensive study in 


iddition to research 
sent 


on cogging tools aimed at raising 


the pre ceiling on the squeeze rati 
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APPENDIX | 


THE CONSTRAINT FACTOR IN THE STICTION CASE FOR 
(yh/0) <1 
Suppose a bar of height h an 
length 6. We consider the p 
of coordinates at the 
along the ax 4 the bar 

Let p be the normal pressure on the upper and lov 

and g the horizontal 


vield criterion 


APPENDIX II 


DERIVATION OF THE PRINCIPAL FORMULAE OF 
SCHEDULING THEORY 


The schedule equations 
We nave 


The formula for total number of strokes in a schedule 
\\ 
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TABLE It1! A selection of results for various schedules 





Schedule 


LL h , 2k&=2 3h 2 

l/y, 1-333 1-6 1-143 
I/y- 1-6 1-6 1-333 
l/y5 1-6 1-333 1-6 
l Ys 1-34 1-34 1-408 
; Ys 

- o 

76 
6, l l 
a, | l 0-6 
Os l | 0-6 








From equations (1111) and (1211) it follows by induction 


2n—2 n—t n—l 
IT ry IT dy TT yg, 
Le i=! i=l i=] , 
Moeon-1 : j P2an-1 
Mo San-1 fl Yet. 
t=] 
and 
2n i n l n 
ha 8w ox 
Ly i=l i=! j=] 
Ms, - 
Q ho n-—-1 
en I 2i-1 
t=] 


By adding equations (1311) and (1411) we obtain 


1311) 


1411) 


L511) 
o | i=! t= Yei-1 Wen-1 Gan Yen-1 
J 
Now 
n—% + Su—s 
—_ d, Il ——— 
fam ys te 
at 
and SO 
i. 2n—2 1 bias d, 1 y! Sag-1 
7 I 2, un (2 *) II (- 
0 ’ l t=] Y2r-1 Gon t=] | al i 
aT) 
A 
an-i . 
+ ‘ 1611) 
0 
2n 2n 
But 
f 2n—-2 n—!1 Sa J n—1 [yi +See-1 
0 2 1 21—1 
we = 4 TT ys I (7) | (= | 
a ny + Se 
Mo | i 1 4 $=] Y2i-1 2n-1s l 24 = 
l | " 
-— awe 1711) 
Oo. - >3a—1 
Zn—l } } 
and sin V- Zz js [SII 
n 
1 
{ k - . I 3 Da ! > we 
s’ = 
Ma 24 MW yes (2) oy |) 
on $= | 1 r ss 
at 
l \ | 
4 > (1911 
* int 
In the DSP schedule in which 1/y and @ are constant for each 
pass equation (211) 1s satisfied identically and equation (51 
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(2011) 


whilst equation (1911) reduces to 


(, & f dy 1 
VV Zr 2 .,(2n—2)(s—1) +(n+1)(a— 1) ( rl ) 
.. ‘ A Oy2-87 | 


Oj=] J 
f, ® 
——(d, + y*-*) 3 s—1)(3n ed (2111) 
h,0 . F 
: t=] 


M (¢, + *~*) - Wn ae (2211) 


(231 


Substituting equations (2311) into (221) gives 


fo ( = \ A] 
M , \or ies )- ee ee woee( 2411) 


THE CALCULATION OF SCHEDULES 


The method of calculating schedules referred to on page 167 
is as follows 

By means of the technological bounds as stated on page 
165, we can specify the ranges of values of 6 and 1/y which may 


be used. Suppose these are 


l | l 


(2511) 
and # < @ a (2611) 
Equation (2611) implies 
8 8 3 2711) 
Using « juation (2511) it follows that 
log A log A 
5 2k . , 2811 
i 
(1 s | ) J 8 log ( ) 
\ 
We now find solutions of equations (2m) and (511) as follows: 


Take a value for k which satisfies equation (2811) and 
assumes values for | and 6, (i 1, , 2k—1) which 
satisfy equations (2511) and (2611) respectively. On substi- 


tuting these values equations (211) and (511) are reduced to a 


pair of equations in two unknowns which may be solved to 
give l/y,, and 6@,,. If these values satisfy the relevant in- 
equalities, then 1/y,, 0; (i a , 2k), and k form a valid 
schedule. The number of strokes taken by this schedule may 
be evaluated by means of equation (190 


18137 different combination values of l/y, 6, and k were 
onsidered, of which 226 gave viable schedules, of these the 
thirty which gave the smallest number of strokes were printed 
out. 

\ selection from the results ts given in Table ITI. 

The best DSP schedule for the same operation with the 
‘al bounds is | 1-468, 6 i. z 2 and 


same technolog 


\n interesting feature of these results is that an interchange 
of a pair of values of 1/y or of a pair of values of 6 can make a 
considerable difference to the number of strokes (cf. schedules 
l and 2 
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APPENDIX lil 
TIME TAKEN TO COMPLETE A SCHEDULE 
The time for one stroke is taken to be: 

J = Ah(l 


(1111) 


In the 2n 1* pass 


h = h,,-. 
and so 


Ah, (1 y) 
Ts a \ ca 


J, 
In the 2n™ pass 


Wen-1 = Wen 


and so 


(3111) 


Mex = 


Hence the total time for the n™ eycle is : 


ai 
rs = J on 1 Men -1 JonMen 


A ho (1 


y) by X-8 — Ahy (1 


daa je 


= 2 rfc y) Atn-2 
. T, = — 


Consequently the forging time for the whole schedule is: 


: 2 Af, (1 
ip se woe 


(7111) 


2 Al, 
= —"((1 
6 


and the total time, including time for rotation and reposition- 
ing at the end of each pass is: 


i 2 Al, 


(S111) 


PROOF OF EXISTENCE OF MINIMUM VALUE OF T 


y to be constant. In this case 


In what follows we assume 1 


equation (8111) may be written as 


(91mr) 


where B and C are positive constants. This equation represents 
a sequence of discrete points corresponding to integral values 
of k. It is clear, however, that the values for integral k must lie 


on the curve which would result if k were allowed to vary ina 
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continuous manner. We shall show that this curve has a mini- 


mum. 


From equation (9111 


d7 


dé 


(1LOurn) 


From equation (10m evident that 


dT 
dé 
dT 
and 
dé 
d7 
Now Is ¢ mtinuous on 
dé 
dT 


and the range of =CC 
dé 


Consequently there is at mast one 
dT7'/dé 


for large 6, at le 


value of @ for which 


0 and since d7'/d@ is negative for small @ and positive 
ast one of the values of @ which make d7'/d@ 


zero must make T' 


minimum, 


EFFECT OF FORGING FROM ONE END OF BAR ONLY 


If it is possible to forge from one end of the bar then a 


further term must be added to 7' yw for interpass 


manipulation times 7’,,. The precise form of the extra term 


depends on the relation between the manipulator acceleration 


f, its maximum velocity V, and the length of the bar. 


The length during the first ement, i.e. at 
suld be 
had acceleration f for 
for the half is 


\/ (f £,A), then if t, is the time for nth movement 


nanipulator 

the end of the first pass, is £,A. The velocity which 
reached in this pass if the manipulator 
half the 
v/(f LA). 1f V 


distance and deceleration #/ other 


1 }111) 


the 
half 


maxi- 


During the last manipulator movement the length of 


bar 18s f d 


1/2k of the manipulator had acceleration f for 


A? 
rth 


this length and deceleration f for the other half, then the 


mum velocity reached would be: 
f 1—$hk ‘ 
VV f. 1 ) ' Jit 


This is the maximum usable manipulator velocity in this 

articular operation and increasing V beyond this limit results 
zg : 

in no decrease in T’,,. 
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If V > V,,, then then 


te o(,/4 Ja? vee e( 14401 | faay§ 2k—1) 4 : nt <7 
and . 7 2 | EE ) At 1@ vo 


In any ise it is clear that for a constant A, 7',, increases 
as k increases and that forging from one end only reduces the 


Vif 1? qv <“y Ef % itt optimum value of @ for a given value of 1/) 


APPENDIX IV 
AN EXAMPLE ON TAPERED SCHEDULES to A = 9. The second part is to be performed according to the 


For the purpose of thi xarmple we consider the operation of _— am time dule I 3 il ; ot 
forging s blo m initially 4 ft long by 2 ft iare t 1 forging forged according the f u sil an be pel 
ratio of A 9. It is clear that the minimur 1 me schedule for formed with a load not gre na ; ee ee nd 
| ’ i} ati t | har é " i t pert pa 

tw operat ne fA ,on a bar 4 ft | i 1 the t \ t} ne t t | rt ed i 

one fA 3 ona bar 12 ft long (since in general, 1 1 B rinimnu time schedu for A 3. 1t will take 5-15 mun. FP tor 
> min A min B,if A and B are both positive Fr Fig.5 this part of the schedule is 2-65; consequent the vd for the 
the least time hedule to produce 1 3ona bar 4 ft longi econd part of the hedule is 509aY where a is so 

] 1-3, @ 1-4, 5 and takes 2-05 min, the actual illow for the increa n yield stress during the first part « 

pressing time is 2-05 —10 O05 1-55 min. If this schedule the forging. Fror experiments carried it in BISRA 

1 i for the se d half I 1 lal I it s " 2 re ble. T gy tt 

time in the cond half is 3 1-55 HHO un nd the tot value of the lin the se md part of the hedu is LOIS } 
time is 4°65 10 0-05 5°15 min. Hence, the total time 2950 tons. If 7 the same load in the first part 

to} i l ) 7°21 LOLS) 
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Correspondence on the paper 


Behaviour of nitrogen in 3% 


R. E. Fryxell, N. Galitzine, and F. S. Gardner 


Dr W. C. Leslie and Mr G. W. Momeyer (I. ‘ 
for Fundamental 
ville, Pa, USA) 


nitrides formed in 


Bain Laboratory 
Monroe 
knowledge of the 


electrical 


Research, US Steel Corporati 


wrote: Since silicon 


our 


silicon-killed and steels, 


solubility in ferrite and in austenite, the their 


, and their chemical characteristics is in an un 
the paper 
very 


kinetics of 
precipitation 
satisfactory state, authors 


and their interest in 


these subjects are 

These concerned with the chemical 
characteristics of the silicon nitrides and their solubility 
in ferrite. The conclusion by the authors that the nitrogen 
in 3°,Sisteel measured by the hydrochloric acid evolution 
method is in solid solution, and nitrogen not so measured 
exists in the form of precipitated silicon nitride is 
attractive, but it does not appear to be valid for steels in 
general. Some six years ago we tried to devise a means 
of separating AIN from Si,N, when both might be present 
in steels. Assuming that AIN 
present, is quantitatively separated from the steel by 
Beeghly’s bromine methyl acetate treatment, it seemed 
that silicon nitride might 
taining no aluminium by 


welcome. 


comments are 


Si,N,, as well as any 


be determined in steels con- 
making a bromine methyl 
acetate separation and treating the residue with dilute 
HF. If aluminium were present in the steel, and if there 
is no solid solubility between the two nitrides, it was 
expected that a separation of AIN and Si,N, in the 


* JIST, 1958, 189, 327-332 


TABLE | 


their 


silicon iron” 


extracted residue could be accomplished by treat 
residue with dilute HC] or with dilute NaOH 
which attacks AIN, then treating the remainder 
residue with dilute HF to determine Si,N, nitroven 
Composition of the steels Table | 


Since the 


3 
used Is in 
values are all from check analyses. quantity 
silicon nitride or nitride 
the 
a he stee Is cle ivnate | 
Darken in an NH, 
held until the nitrogen 
Substantially all of the 
in these combined as Si,! teel ¢ 
nitrided but was not « 
The acid-soluble aluminium contents of these 
are low, 0:004—-0-006°,. The other five samples 
open-hearth steels containing 0-10 or 0-20° 
mens DI and D2 were taken from a steel killed by 
tion of the furnace, 
silicon content of 0-18°%, 
content is low, 0-004°%, 


aluminium depends on thermal 


history, the treatments given 
given in Table I 

were equilibrated by L. S 
phere at 600° C, Le. the 


analysis 
Vand B 
H, atmo 


steels betore 


are also 


were 


content became constant silicon 


two steels is was 


ibrated 


three 


in a similar manner jul 
steels 
were 
Speci 
adai- 
ferrosilicon in which resulted in a 
The acid-soluble aluminium 
Specimens KE 1, £2, and £3 were 
taken from a steel killed by an addition to the mould of 
4 lb of Al per ton, which gave an acid-soluble aluminium 
content of 0-144°%. The silicon content, 0-01° 
The nitrogen contents listed in Table I wer: 
of analyses for ‘ acid-soluble’ nitrogen in 
The samples were dissolved in |: 1 
treated with an excess of NuOH followed by 


>» 8 low 
the results 
the various 


HCl, then 
distillation 


Stee ls. 


Chemical composition, °.,, and heat-treatment of steels 





Al 
0 004 
0 005 
0 006 
D1 x 0-004 
D2 k 0 004 
El 0.144 
E2 10 0.144 


E3 10 0-144 


Spectrographic 


Cr V 


0 001 0 005 0 0005 


0 001 0 005 0 0005 


0 001 0 005 0 0005 


0 001 0 005 0 0005 


0 001 0005 < 0 0050 





Heat-treatments 


A 352 hat 600° Cin3 

B 252h 

Cc 48h ” 

D1 Austenitized 1 230 
held 24h, AC 

D2 Austenitized 870° C, held 5 min, quenched into lead at 595° C 
held 24 h, AC 


Note: Q = quenched FC = furnace cooled 


NH, -H,, then 328 h in 1-13°,,NH,-H, at 600 
Q 


C,Q 


a Q; 13$h at 815° C in helium, FC 
C, held 5 min, quenched into lead at 595 C, 


AC air cooled 


El Austenitized 1 230 
held 1 min, AC 

E2 Austenitized 1 230 
held 2h, AC 

E3 Austenitized 1 230 
held 1h, AC 


C, held 5 min, quenched into lead at 705° C, 
C, held 5 min, quenched into lead at 705° C, 


C, held 5 min, quenched into lead at 595°C 
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TABLE I! 





Recovery of nitrogen from bromine methy! acetate residues of several steels 









Steels, wt-°%N 






A 















1 Acid-soluble N (determined from 
steels 0.168 0-84 0 0425 0 0065 0 0060 0.0040 0-0035 0-0036 


Treatment of residues® 







2 1:1 HCI, NaOH added, distilled 0.106 0-105 0.069 0.073 0.0056 00130 80-0053 60-0025 0-0033 0 0021 
0-114 0 066 00056 0.0168 0.0053 0 0022 0.0024 
0.0070 0 








3 1:1HCI + HF, NaOH added, 084 0-85 0426 00-0380 0-0063 0.0041 
distilled 0-84 0-0396 0-0365 0.0058 0.0041 
4 No acid treatment, distilled from 0.0040 0.0037 00021 00026 60-0020 
10 cm’ 1% NaOH 0.0037 0.0041 0.0028 0-0020 
0 0040 
5 Water washed, treated with HCl 0.0062 0-0053 
+ HF, NaOH added, distilled 0.0055 
6 No acid treatment, distilled from 
25cm’ 0-5%NaOH 0 0030 





No acid treatment, distilled from 
10 cm’ water slightly alkaline 






= 


0014 
















































8 No acid treatment, distilled from 0-089 0-076 0-041 0-021 0-0060 0.0065 0 0046 0 -0023 
10 cm’ 60° NaOH 0-104 0-090 0-047 0 0016 0.0036 0.0040 0.0020 
‘ 0-0031 0-0024 00017 
0 0056 
9 No acid treatment distilled from ; 0.0037 0.0039 0.0042 06-0015 0 0030 0-0019 
25 cm'* 2% NaOH 0.0035 0.0038 0.0026 0-0021 
0.0037 
10 2% HCI, distilled from 2% NaOH : 0-0040 0 0032 
00033 
* Residue from bromine methyl acetate separation 
and collection of ammonia. Nessler’s reagent was added When the residue from the bromine methyl] acetate 
to the distillate and the nitrogen content determined separation was treated with HCl + HF, recovery of 


colorimetrically. For steels A, B, and C the analysis nitrogen was complete (see row 3 of Table II). As a 
included use of HF. The treatments given steels A and _ result of their thermal histories, the quantities of nitrogen 
B do not cause the formation of iron nitrides, therefore, recovered from the residues of steels B, C, and D1 were 
with the exception of about 0-0259N kept in solid solu- about equal to the total ‘acid-soluble’ nitrogen. The 
tion in ferrite by quenching from 600° C, the remainder of _ result for steel B is slightly high. In this instance, con- 
the nitrogen is present as Si,N,. Silicon nitride in these’ version of the intensity readings from the spectrophoto- 
steels, at least after the heat-treatments employed, is meter were rather inaccurate since the method was not 
acid soluble (HF being required for alloys containing designed for use with such high concentrations of nitro- 


over 0:5%Si). gen. The acid-soluble nitrogen for steel B includes the 
The results of the various analyses performed on the 
bromine methyl acetate residues from the steels are TEMPERATU 





oo ea = ; : , am Gernes 
given in Table II. For ease of comparison row | of the OO 1300. 1500 
table again gives the results of the analyses for acid- TEMPERATU 
OO 


_ 
soluble nitrogen made on the steels. 600 - 




























In row 2 are listed the results of analyses for ‘ AIN’ | 
nitrogen by the Beeghly method, i.e. solution of the 5 
sample in bromine methyl acetate, treatment of the “ . / 
residue with HCl and NaOH, followed by distillation. * Sis Ng(ppt) + silicon and 
The results for steels A, B, and C containing only 0-004— 7 nitrogen in solution 
0-006° ne ; / y, 
)-006°,Al are far in excess of the maximum amount of a E 
nitrogen that could be present as AIN. From this we c / 
concluded that silicon nitride is at least partially soluble " , 
in 1: | HCl and hence that the presence of Si,N, can “6 Jf 
interfere with the determination of AIN nitrogen in = 4robable all 
steels. This disagrees with the statement by Beeghly! < flats ¢ f the folie ties 
that the method is not subject to interference from ele- a 8 / , t 4 y/ 
ments commonly present in carbon steels. Inspection A> 9 / wT. , 
of the analyses of steels used by Beeghly in his investiga- we TA J / 
tion of possible interference shows that all the steels con- 2 10 ‘ Pa 
taining more than residual amounts of silicon also O 4 J / | 
contained comparatively large amounts of other nitride fe) ip / 
formers, i.e. Al, Cr, V, Mo, Ti, or Zr. Presence of these “12 if © Rawlings 
elements may have prevented formation of significant -|3 a Coan 5 rkdogan * 
quantities of silicon nitride. This may explain his esl takes. 
failure to observe interference from silicon nitride. “14 Gardner 

The quantity of AIN nitrogen determined in steels A, “15 4 / 
B, and C was considerably less than the total ‘acid- Py / / 
soluble’ nitrogen determined after solution of the steel in 16) ? | lO O9 oi) O7 Ob O05 
1: 1 HCl + HF, and data for steel C were quite erratic. 193 
These results may be the consequence of a particle size T 


effect or of formation of silicic acid envelopes around 1 Temperature variation of the solubility of silicon nitride in 
silicon nitride particles, ferrite 
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nitrogen held in solid solution in ferrite by quenching 
from 600° C, which amounts to about 0-025°. This 
nitrogen would be lost during the bromine methy] acetate 
separation, so the figure of 0-84°,N for the residue from 
steel B must be high by at least 0-025°%. The results 
shown in row 3 for steels B, C, and D1 lead to the con- 
clusion that Si,;N, is separated quantitatively by the 
bromine methy] acetate treatment. 

After the interference of Si,N, in the Beeghly method 
had been determined, work proceeded on methods of 
separating AIN and Si,N,. To this end, residues from the 
bromine methyl acetate separation were distilled from 
1°, NaOH solution (row 4, Table II The AIN nitrogen 
determined for the aluminium-killed steels El, E2, and 
E3 were practically unchanged from that obtained by 
the original Beeghly method (row 2). However, this 
modification also produced AIN nitrogen from the silicon- 
killed D1, indicating that Si,N, in this steel is 
attacked by 1°%,NaOH. Washing the residue of this 
steel with water (row 5) had no effect on the quantity of 
Si,N, found as compared to the same procedure without 
water washing (row 3). Apparently Si,N, from this steel 
is not attacked by water. 

Omitting the acid treatment and distilling the residue 
of steel D1 from 0-5° NaOH still 
produced a value for combined nitrogen, indicating that 
the silicon nitride was attacked even by this dilute 
solution of NaOH. 

tow 7 of Table II gives the results obtained when the 
residue of the aluminium-killed steel El was distilled 
from 10cm? of nitrogen-free slightly alkaline water. 
Aluminium nitride is partly decomposed by this treat- 
ment. The lack of complete decomposition of ALN by 
this treatment makes it doubtful that a mixture of AIN 
and Si,;N, could be separated by washing with water. 
Beeghly? shows that 15 washes with hot water decomposed 
only about half of the AIN residue from a typical sample. 

Both nitrides were decomposed when treated with a 
strongly alkaline NaOH 
solution (row 9), and with 2°,HCI followed by distillation 
from 2°,NaQOH (row 10). 

These results, combined with those of Fryxell, Galit 
zine, and Gardner, lead to the following conclusions: 


steel 


25 em? of (row 6) 


solution (row 8), with a 2‘ 


(1) Si,N, as well as AIN is quantitatively isolated by 


bromine methyl acetate solution of the iron matrix. 


The resistance to chemical attack of Si,N, in steels 
seems to depend upon the composition and thermal 
of the steel. These the 
composition, structure, and particle size of the pre- 


history factors may influence 
cipitated nitride. 

The presence of Si,N, can interfere with the deter 
mination of aluminium nitride nitrogen by the Beeghly 


technique. 


Experience in this laboratory indicates that when the 
silicon content of a steel is below about 0-5°, the acid- 
soluble nitrogen content can be determined with an HC! 

When the silicon content about 
0-5°% the use of HF is required 

The situation is confused, and is likely to remain so 
until we obtain more information on the two forms of 
silicon nitride as they exist in steels, the time/temperature 
relationships for their precipitation, and possible differ- 
ences in composition as well as structure between the two. 

Figure 1 shows a plot of the logarithm of the solubility 
product of Si,N, in ferrite as a function of 1/T for both 
calculated and experimental values. ‘The calculatior 
was made on the basis of the free energy of formation of 
Si,N, from data of Hincke and Brantley? and from 
values for the activity coefficient of silicon in ferrite, 
referred to pure solid the standard state, 
expressed by the equation: 


treatment. is above 


silicon as 


Fe $540 
- T 


log f 


Correspondence on behaviour of nitrogen in 3% Si iron 


TABLE II! Composition of laboratory heats 





Sample, % 


> 
. 


2 58 73 RR 


015 0 016 016 


0013 0 0025 0009 


0010 0 0029 0007 


0035 0 0008 ) 0025 


Total N 0042 0 0053 0 0055 


Acid-soluble N 0045 0 0010 0 0061 


Inclusions (X-ray diffraction AIN AIN 





* No identifiab'e pattern 


determined by R. W of this laboratory 
The rather large uncertainties involved make this calcula 
tion of littl 


experimental determinations. These are based primarily 


(;urry, formerly 


value, and more reliance is placed on the 


on the data of Rawlings,* with support from the work of 
Beeghly,* and Corney and Turkdogan.’ Both 
and Beeghly used techniques that avoided the need for 


Rawlings 


accurate determinations of very small quantities of 


seen from the figure, their results 


The 


pom|t 


and a can be 


are in excellent agreement 


nitroyen 
line drawn through the 
experimentally determined corresponds to the 
equation 

2 SO) 


l 


Si)! N 


much 
their 
very 


The data of Fryxell, Galitzine, and Gardner give 


lower values for the solubility product, and since 
values depend upon the accurate determination of 
small quantities of nitrogen, the prior determinations are 
preferred. The solubility product values will contain an 
element of 


between the 


uncertainty until a distinction can be made 


solubilities of the two forms of silicon nitride. 


AUTHORS’ REPLIES 

The authors wrote: The data presented by Dr Leslie and 
Mr Momeyer are interesting, and should add consider 
ably to an eventual understanding of nitrogen reactions in 
Although 


we 


iron which contains nitride-forming additives 
our experience has been exclusively with 3° Si iron, 
following observations 

(1) In our paper, we that 
must be present at a level somewhat greater than 0-01% 
in 3°%,Si iron to compete with silicon for the available 
nitrogen.’ The 
are given in Table IIL. These were laboratory heats con- 
taining varying impurities as given. The 
samples taken for analysis were 0-012-in. sheet quenched 
from 800°C. In two out of three, aluminium 
nitride identified in extracted inclusions, and in 
these the acid-soluble nitrogen was equal to the total. 
The slightly lower vacuum-fusion results are indicative of 
the difficulty in obtaining complete nitrogen recovery in 
On the other hand, 
nitrogen, 
not } 


would like to make the 


stated . aluminium 


data on which this statement was based 
amounts of 


cases 


was 


the presence of aluminium sample 
3 exhibited low acid-soluble 
nitride was not observed. It is known 
additional titanium or both) 
might prevent the formation of both Si,N, and AIN, 
The X-ray diffraction pattern of inclusions failed to show 
any identifiable compounds. 


aluminium 
whether the 
in this sample 


and 


boron (or 


(2) Leslie and Momeyer assert that since iron nitrides 
do not form at 600°C, any nitrogen not in solid solution 
exists as silicon nitride in their samples A and B. On the 
basis of data in Table ILI, aluminium nitride can exist 
at 800° C even when the 8i/Al ratio is nearly 200. Thus 
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TABLE 


IV Recaiculated solubility products of Si,N, in 
3-25°,,Si iron 





Dissolved 
Trempera- 


care. nitrogen, fsi K log K 
800 0 0006 200 3 56 10°! 10.45 
900 0 0011 4 61 494 10 8&8 31 

1 000 0 0019 9 46 379 10 6 42 
1100 0 0029 16-89 1-15 10 4 94 





the presence of this compound in their samples should 
for a 
the 


be considered as a possibilitv, and would account 


small part of the acid-soluble nitrogen found in 
extracted residues 

(3) The interpretation that ‘ acid-soluble nitrogen ” is 
uniquely nitrogen in solid solution appears to be valid 
for only if are quenched from 
temperatures higher than 700° ¢ That Si,N, formed as 
lower temperatures is vulnerable t 
the work of Turkdogan 
and some incidental experiments 
Samples A, B, and ¢ 


come in this category. It 


silicon iron specimens 


hydrolysis it 
6 


re id 


shown by and Ignatowicz 
reported in our paper 
Leslie and Momeyer 


interesting to have 


discussed by 
would be 
comparable data on these sample s after quenching from, 


say, 800°C Beeghly reports for 1-19°%,Si tron that 
three-quarters of the 0-016°,N was rendered = acid 
insoluble by heat-treatment at 917° C4 

(4) We agree with Leslie and Momever and with 
Beeghly* that nitrogen in silicon iron is completely acid 
soluble, independent of thermal history, up to a silicon 
level of about 0-5. At the 3°Si level on the other 
hand we have without exception observed acid-soluble 
nitrogen behaviour in accord with Fig. | in our paper 


(using HCl and NaF in the solvent). At the intermediate 
silicon levels there appear to be some inconsistent data 


and differing opinions. Possibly in this region there 
is a transition between two or more forms of silicon 
nitride, or between predominantly smaller and predomi 
antly larger particles. X-ray diffraction studies of 


extracted residues in this range of silicon contents would 
be desirable 

Concerning the figure presented by Leslie and Momeyer, 
we wish to make the following comments 

(1) Their data demonstrating the solubility of 
silicon nitride under certain conditions may be taken as 


acid 


an implied criticism of our hypothesis that acid-soluble 
uniquely that in solid solution If this 
valid, the solubility present for 
nitrogen in equilibrium with precipitated silicon nitride 
are high, since these values include some contribution from 


nitrogen 1S 


criticism is data we 


an unknown amount of nitride which hydrolyzed during 
analysis. Thus, would shift the 
direction of the calculated curve in the figure, and heighten 


eorrections our data in 


the disagreement with the other experimental data. 

2) Our acid-soluble nitrogen data were not corrected 
for a small reagent blank, which was usually 0-0003°, or 
t too would shift 
direction of the calculated curve. 

(3) On the other hand, the large discrepancy between 


If this correction were applied, 
our data in the 


our data and the others shown in the figure is not surpris- 
ing if it is recognized that all of the solubility products 
terms of weight-percent With the 
exception of the single result at 2-83°,Si taken from the 
work of Corney and 'Turkdogan, all of the data compared 
with ours were obtained with alloys containing 1-9°,Si 
and In our work, only 3-25°)S 
For this composition, the departure 


are calculated in 


alloys were used. 
from ideality of 
greater than in the 
graphically in 


less. 


the solute silicon is considerably 


less than 2° This is shown 


region 
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Correspondence on behaviour of nitrogen in 3% Si iron 








Fig.4 of a recent paper by Seybolt.? 


In this figure, an 
experime ntal quantity proportional to silicon activity is 


plotted against weight-percent silicon at 800° ¢ Two 


I 
curves are given for alloys containing more than about 
1-3° Si. These correspond to metastable 


and stable (ordered) lattices. 


(disordered) 
For our specimens, which 
were all water quenched, the disordered state is expected. 

From Seybolt’s data we 
coefficient for silicon in 3-2 
letting f a/®. Si. This value can be 
the solubility product for Si,N, in 
defined as follows: 


have estimated the activity 


SOU ¢ 








9°81 iron as 2-00 at 
used to recalculate 


terms of activities, 


K Ag; |* [ay }* Si x f)* N ‘ 


“I soi. Soin 
neglecting any small non-ideality of dissolved nitrogen 
Further, from the expression cited by Leslie and Momey 
er, activity coefficients for silicon may be calculated for 
other temperatures. Combining these with Seybolt’s data 
for 800°C, a set of 
given in Table IN It 


better with the « 


recalculated solubility products is 
is apparent that these agree much 
ther experimental 
The 


be corrected with activity ¢ 


values determined for 


lower silicon contents. latter should of course also 


oetticients, but this correction 
is relatively small. 
log K at 800° C be 
data in Table IV 


Si,N, in ferrite 


3 


For example, Rawling’s value for 
3. The 
correspond to a heat of 
f about 120 kcal/mole. To 
the activity corrections are 
60 keal/mole 


omes about 10 recalculated 


tution tor 
the extent that 
valid, the heat of solution of 
our paper is incorrect. Neverthe 

products previously given are 


given il 
less, the solubility con 
sidered valid for 3-25 Si iron if it is kept in mind that 
they 

(4) Further support for the recalculated 
heat of solution of Si,N, in ferrite is as { 


ont to us by Dr A. U. Seybolt. 


are calculated in terms of weight-percent 
the 


lows, as pointed 


value of 


For the reaction 
2N, 3 Si Si,N, 
Hincke and Brantley wive i heat of formation § of 
176°3 keal 
For the reaction 
3S 3OSr in iron 


Seybolt gives a heat of 
determined for 3°3 
From these, 

AH SY keal for the reaction 
2N 3 Si (in iron Si,N 


st lution of S7 3 keal, as 
metastable) silicon tron.’ 


4 
Combining with 
AH 31 keal for the reaction 


T 
iron 2N 


tN (in 
the heat of solution is derived as 120 keal for the 
reaction 
3 Si (in iron iN (in iron Si,N, 
The excellent agreement between the calculated and 


observed heats of solution of Si,N, in ferrite lends con- 
siderable support to both the temperature coefficient of 
activity determined by Gurry, and the interpretation of 


acid-soluble nitrogen proposed in our paper. 
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THE IRON AND STEEL INCREASED PRICES FOR THE JOURNAL TO NON-MEMBERS © 
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The Autumn General Meeting « he te e re sed pric ar 

will be held in London fror \ 

Friday, 2 to 4 December. Vhe : 


il be dey 


Twelfth Hatfield Memorial Lecture 
The elfth Hatfield Memorial I tur 


it Sheff ’ 
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Wednesday, 25 November, by 
ov, of I 


thie Jeopartl 
Central Resear 

Metallurgy, M 

ire will be The 


du ng quer 
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ind the Cort 
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inesank af Une Coimiaien Ciimmltien, 3 a JOINT GROUP 


published recently as No.66 in the Instit othe NEWS OF MEMBERS Forthcoming meetings 


Special Report Series. Joint Chari 


meeting will be Dr U. R. Evans, F.R.S., al Mr W. J. Allday spel 
Mr L. Kenworthy. research at the Universit f 


inada ise _ ’ Se rang 


Admission to the meeting, v h wil Vancouver, Can 
place at the rooms of the Society of ' . Mr T. R. Allmand has lef he ednesday, 16 December. 
14 ‘grave Square, o ‘ senior staff of the cen uly ( rtment, series invited pa 
y ticket only; tickets may be « ed Dorman, Long (Steel) Ltd wor all of 


n application to the Secretary o he Lror Mr A. ©. Bird has 
and Steel Institute. ger of Davy an 


which are 


- — Mr A. M. Horsfield has e B , at Church House 

Symposium on determination of gases in Welding Research Association to joi uesday, 11 and 12 April 1960. Th: 

metals Ltd he ng will be ‘Continuous | 
é Mr L. A. Leonard has left BISR o h powder metallurg 

The Soc iety for Analytical Chemistry, The f 40 : 


central research laboratories 
Iron and Stee nst i al he st ite f ' 2 
’ nd Steel | itute, and TI Instit Thomas and Baldwins Ltd 


Metals ae holding a out semana gon | Dr BR. Nihawan bias hon slcted prosi- CONTRIBUTORS TO THE 
at Church House, Great Smith Street, London Mr “a R. P. Pugh, director an JOURNAL 


SW1, on “The determination of gases in Guest Keen Iron and Steel Co. Ltd, has been G Acevedo Design engineer, Bel phone 
metals’. Three sessions are envisaged, occupy Nau wee 


Metals are holding a joint symposiur ‘ 


; appointed assistant managing director Laboratories, \ 

ing the afternoon of the Tuesday and the Professor E. Rudberg has been appointed Generoso Acevec was born in Puerto Kico in 

morning and afternoon of the Wednesday. At retarv of the Swedish Roval Academy of 1934; I } n 1939 and was 

ri te of the wedish io emy o , if ve v rk in , a we 

» first sessic xd re * +r ll be ‘ 

the first se ion, invite +s view papers will be Science, and has therefore resigned the educated iu _ the eV ) Public Schools 
sente covering » dete tion of ‘ : 

presented, vering the determination ¢ directorship of the Institute for Metal Research After graduating he onx High School 

oxygen, hydrogen, and nitrogen re spective ly in Stockholm ' ‘ e, 

in a general way; the other two sessions will be Mr M. N Saxena has been awarded the 1 it th - r tl Adva 

devoted to shorter papers and discussions deal ’ 


ne + as an evening 


master’s degree in metallurgical er ering ment o ‘ T ri ile employed as a 

ing with specialized aspects of the field by the Universitv of Wisconsit v ‘ 1 assi nthe Heat and Mass Flow 
It is intended that preprints of all the papers ’ | 

shall be available before the start of the sym- 

posium, and that the proceedings, including 


returned to resume his duties ¢ roin alyzer ) ry o Olumbia University 

etallurgical engineering at the University « e ente he rt in 1957, and after 
discussions, shall be published in a single toorkee, India eo rieaglinias ar wal bonige cet se" 
‘ ’ : oe : ‘ E Mr R. B. Sharp has been appointed manag i he . tions department of the Bell 


volume at a later dat« ng director of Barrow Lronwor Ltd 
ing director of Barrov orks i 


Sidney Gilchrist Thomas Memorial Obituary J. Banbury, 4.M.1.6.) irector. ORbit (Oper- 


: ‘= ational Researcl 
Che first list of contributions to the Sidney Mr William James Chalmers (elected 1043), John Banbury was apprenticed in the elec- 
Gilchrist The mas memorial fund (see JISI, of Birmingham, on 10 August 1959 tronics industry and tool Higher National 
August 1959, pp.384-385) is as follows Certificate in Electrical Engineering in 1942. 
} 


Richard Thomas and Baldwins IRON AND STEEL He joined the 
i 


demobilized in 1946 with the rank of Engineer 


4 1000 0 
Whitehead Iron and ENGINEERS GROUP Lieutenant. He then went to Faraday House 
Steel Co. Ltd F 1000 O 


: : : . : Electrical Engineering College to finish his 
Guan Maen and Babtiniotis Meeting of junior engineers in Glasgow 


Ltd : 500 O A meeting of junior engineers is being held in After short spells in ull 
rhe Steel Company of Wales Glasgow on Wednesday and Thursday, 28 and and technical editing he nuned the National 
Ltd e 0 29 October. There will be a technical session on Coal Board's operational research group in 
The Park Gate Iron and the Wednesday morning, and in the afternoon 1952. During his time with the Board he 
Steel Co. Ltd F ‘ a visit to the Ravenscraig works of Colvilles worked chiefly on pit trials of non-inflammable 
Round Oak Steel Works Ltd Ltd. On the Thursday, there will be alternative conveyor belting, and after eighteen months 


Royal Na in 1943, and was 


in electrical engineeru 
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G. Acevedo J. Banbury 


he was appointed head of the section respon 
sible for this work. In 1955 he joined the 
Operational Research Department of BISRA, 
and was directly responsible for the early work 
of the department on forging. He was deputy 
head of the department when he left earlier 
this year to director of ORbit 
(Operational Research) Ltd, where he is now 
the partner in charge of projects. 


become aA 


Cc. F. Bonilla, 4.8., B.S.(E.E.), CH.z., 
Professor of Chemical Engineering, 
University, New York. 

Charles F. Bonilla was born in the USA in 
1909 and educated at the Institute level in 
Spain and later at Columbia University, where 
he obtained his doctorate in 1933. He taught 
chemical engineering until 1937 at the College 
of the City of New York, and then until 1949 
at the Johns Hopkins University, becoming 
head of the department in 1943. Dr B 


PH.D. 


olumbia 


sonilla 





R. H. Collcutt S. G. Glover 
has been Professor of Chemical Engineering at 


1948. He has specialized in 
heat transfer, especially in nuclear reactors; 
during the period 1957-1959 he has been on 
leave from Columbia as director of the Puerto 
Rico Nuclear Centre (Atomic Energy Com- 
mission 


Columbia 


since 


J. V. Chelsom, p.s: Ford Motor 
Company Ltd 

Mr Chelsom, who is 26 Wey- 
mouth and educated at Weymouth Grammar 
School and the London School of Economics, 
where he specialized in statistics and obtained 
the B.Sc. (Econ.) Hons. degree. He joined the 
Operational Research Department of BISRA 
after completing his National Service. 


ECON.), F.8S.8S. 


was born at 


R. H. Colicutt, B.sc.(eno.) Head of Opera- 


tional Research Department, British Iron and 
Steel Research Association. 





V. Paschkis A. Shutt 
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& 
C. F. Bonilla J.t 


Chelsom 


Roger Hugh Collecutt educated at the 
Cathedral School, Truro, and at University 
College, London. From 1943 to 1945 he 
with the operational research section of HQ 
Somber Command. He Scientific 
Adviser’s Department of the Air Ministry in 
1946, where he remained until he was appoint- 
ed to his pre with BISRA in 
1955. 


was 


was 








joined the 


sent 


position 


8. G. Glover, B.sc., pH.p. Lecturer, 
ment of Physical Metallurgy, Birmins 
University. 

Stanley George Glover was born in Birming 
ham in 1925 and educated at Solihull School, 
Warwickshire. After two years in industry, he 
served in the Royal Navy from 1943 to 1946, 
and then entered Birmingham University in 
1947. On graduating in physical metallurgy in 
1951 he became a research assistant in the 
Department of Physical Metallurgy; he was 











C.. Holden 


H. W. King 






al pointed to his present post in 19! He was 
awarded the degree of Ph.D. in 1957 for work 


on the martensitic transformation in steels. 


C. Holden, B.sc., A.M.INST.P Head of furnace 
research section, research and development 
department, The United Steel 
Ltd. 
Charles Holden was educated at Rotherham 
Grammar School; on leaving school he joined 
William Jessop and Sons Ltd, working in their 
magnetic research department from 1943 to 
1945. After two years in the army, with the 
Royal Corps of Signals, he spent 2} years at 
Rotherham Technical College, studying for an 
external degree of London University. Mr 
Holden then joined the BSA Group Research 
Centre, spending nine months with that 
organization as an X-ray metallographer. 

He joined the research and development 
department of The United Steel Companies 


Companies 





O.C. Wells 


G. Stolz, jun. 










Ltd at the beginning of 1951; since then he has 
been working in the furnace research section, 
for the last three years as section head, on heat 
transfer, combustion, and fume 
problems. He was awarded the Williams Prize 
by The Iron and Steel Institute in 1958 for a 
paper on the protection of refractories by 
moving air curtains. 


emission 


H. W. King, B.sc., PH.D. 
Institute, Pittsburgh, USA. 
Hubert Wylam King was born at Cardiff in 
1930; his family travelled to India in 1932, and 
he received his secondary education at the 
Lawrence Memorial Royal Military School, 
Nilgiri Hills, Madras Province. On returning 
to England he worked with Rubery, Owen 
and Co. Ltd from 1947 to 1949 as apprentice 
metallurgist and studied at the County Tech- 
nical College, Wednesbury, obtaining his 
Ordinary National Diploma in Metallurgy. He 
was awarded a Technical State Scholarship 
and proceeded to the Department of Physical 
Metallurgy, University of Birmingham, ree 
ceiving his B.Sc. degree in 1954, and his Ph.D. 
degree in 1956. After two years as research 
fellow in physical metallurgy, during which he 
extended his studies of the first stage of 
tempering, he was appointed to his present 
position, and is now engaged in research on 
the accurate measurement of lattice spacings 
in close-packed hexagonal alloys. 


Fellow, Mellon 





V. Paschkis, sc.p. Associate Professor, De- 
partment of Mechanical Engineering, and 
Director of the Heat and Mass Flow Analyzer 
Laboratory, Columbia University, New York. 
Victor Paschkis was born and educated in 
Vienna; he obtained the degrees of M.E., E.E., 
and sc.p. from the Institute of Technology 
Vienna, between 1921 and 1923. From 1922 
to 1930 he worked for various industrial 
companies in Europe, and from 1930 to 1938 
he was a consulting engineer. 

Dr Paschkis emigrated to the USA in 1938, 
and worked in the field of industrial electric 
furnaces, first with the A. F. Holden Company 
(1938 — 1939) and later with the Ajax Electric 
Company (1939-1940). In 1940 he suggested 
to Columbia University that an analogue 
computer might be built to specialize in prob- 
lems of heat transfer. He designed and super- 
vised the erection of the Heat and Mass Flow 
Analyzer Laboratory, and became its director 
on its completion. 








A. Shutt, B.sc. 
British ILron 
tion. 

Mr Shutt was born in 1928 and educated at 
Firth Park Grammar School, Sheffield. On 
leaving school he spent some years working in 
a rolling mill. In 1952 he attended part-time 
Rotherham Technical College, and 
1953 to read 


Mechanical Working Division, 
and Steel Research Associa- 


classes at 
entered Sheftield University in 


mathematics. After graduating in 1956, he 
spent some time doing research on linear 
operator theory, and joined BISRA in 
1958. 


G. Stolz, jun., B.E., M.S Senior Research 
engineer, Heat and Mass Flow Analyzer 
Laboratory, Columbia University, New York. 
George Stolz was born in 1929 and educated at 
the Williston Academy, Easthampton, Mass., 
and at Yale University, where he obtained the 
B.E. degree in chemical engineering in 1951. 
He has been working on the thermal funda- 
mentals of the quenching at Columbia 
University since 1953. He was awarded the 
M.S. degree in 1957, and is at present a candi 
date for the D.ENG.ScC. chemical 
engineering. 


degree in 


0. C. Wells, m.A., PH.D. 
Westinghouse Research 
burgh, Pa. 

Oliver Wells was born in London in 1931 and 
educated at Marlborough College and at 
Trinity College, Cambridge, where he obtained 
the degrees of M.A. in mathematics and PH.D. 
in electrical engineering. He joined Ericsson 
Telephones Ltd in 1957, and took up his 
present position in July of this year. 


Research physicist, 
Laboratories, Pitts 














G. W. Wilson, B.sc., 
PH .D., A.INST.P. 
Senior metallurgist in 
charge of physical met- 
allurgy section, Haw- 
ker-Siddeley Nuclear 
Power Co. Ltd. 
Dr Wilson was born in 
1929 at Grimsby and 
educated at the 
Humberstone Found- 
ation Grammar School. 
He was awarded an ex- 
ternal B.sc.(HONS.) d 
ree in physicsby London 
University in 1949, and a PH.D. by Nottingham 
University in 1952 for work on the magnetic 
properties of single crystals of nickel and 
nickel-iron alloys. In that year he joined the 
Royal Naval Scientific Service and worked on 
underwater weapons and on devices for 
measuring the magnetic field of ships. He was 
appointed to his present position on the crea- 
tion of the company in 1956. 


FORTHCOMING CONFERENCES 
AND EXHIBITIONS 


Heating and ventilation 


A conference on heating and ventilation is 
being held on Thursday, 5 November, at the 
Institution of Mechanical Engineers, Birdcage 
Walk, London SWI. Organized by the British 
Occupational Hygiene Society, the conference 
will be devoted to a discussion of the problems 
of heating and they affect 
personnel working in arduous environments. 
Full may be obtained from Dr D 
rurner, Associated Ethyl Co. Ltd, Ellesmere 
Port, Cheshire 


ventilation as 


details 


Building exhibition 


The 1959 Building Exhibition will be held at 
Olympia, London, from 18 November to 


2 December. 


Pilot plants in research 


A symposium on pilot plants in metallurgical 
research and development is being held under 
the auspices of the National Metallurgical 
Laboratory, Jamshedpur, India, 
February 1960 

The subjects covered will include pilot-plant 
projects in relation to laboratory-scale investi- 
gations, mineral dressing, electrometallurgical 
plants, refractories, hot and cold 
and finishing processes. 


early in 


working, 


Electrometaliurgy 


The Electrometallurgical Centre of the 
Associazione Italiana di Metallurgia is holding 
a symposium on electrolysis of molten salts and 
the production of special metals by electro- 
thermal methods in the Spring of 1960. The 
symposium will take place in Milan, and a 
series of visits to works and laboratories has 
been arranged in conjunction with it. Those 
interested should apply to the AIM at Via 
Moscova 16, Milan 


Factory equipment 


The next Factory Equipment Exhibition will 
be held in Manchester, opening on 21 Sept- 
ember 1960. In the following year it is to be 
held in London again, at Earl's Court. It is 
proposed to alternate between London and the 
north of England in the future. 


Metallic corrosion 


The first International Congress of Metallic 
Corrosion is to be held in South Kensington, 
London, from 10 to 15 April 1961, under the 
presidency of Sir Harry Melville, K.c.B., F.R.S. 
Mr E. Leslie Streatfield has been appointed 
chairman of the executive committee and Dr 
J. Ferguson chairman of the finance com- 
mittee. The honorary secretary is Lt-Col 
F. J. Griffin, from whom further information 
may be obtained at 14 Belgrave Square, 
London SWI. 


impact of nuclear development 


The measurement and control section 
supply section of The Institution of Mechanical 
Engineers are organizing jointly a con 

on the impact of nuclear 


electricity suppl 


and the 


developme: 
ply and on instrument 

niques, to be held in London in Septer 
1961 

Among the subjects to be discussed will be 
present and future energy requirements, 
operating " the 
siting of nuclear power stations, health physics 


characteristi 


economics, 


nuclear measuring instrur 


and process control, and 


nts for research 
data processing. The 
organizing committee will be eased to receive 
offers of papers for inclusior 


NEWS OF SCIENCE 
AND INDUSTRY 


Continuous casting at Distington 


Distington Engineering Co. Ltd, @ subsi 
of The United Steel ( ompanies Ltd, 
established a continuous castir 
which will spec ialize in the desi 
facture of continuous castir plants for 
ferrous and non-ferrous metals. The company 
will design and build plants on behalf of and 
under licence from Concast AG of Z 
which United Steel recently 
holders 

rhe personne l of the new division have 
closely associated with the 
that been developed 
operated by United Steel 1952. 
experimental work will continue; the « 


irich, in 


became share 


experime 
machines have 


since 


programme includes the production 
36 in. wide « 5 in. thick and 9 in 
Killed, rimming, and stainles 


cast successfully in these sizes. 


Ravenscraig contracts 


The order for the building of the 68 in. semi- 
continuous hot strip mill for the Ravenscraig 
works of Colvilles Ltd has been placed with 
Davy and United Ltd, 
Sheffield. 


Engineering Co. 


The new mill will comprise a 42 in. vertical 
edging scale-breaker, a 44 x 68 in. horizontal 
scale-breaker, a 39 and 56 68 in. reversing 
roughing mill with attached vertical 
edger, a rotary crop shear, a 28 ¢ 56 « 68 in 
six-stand finishing mill, two downcoilers and 
coil unloaders, and ancillary equipment. It 
will have an initial output of 500000 tons of 
strip products per year; however, the mill is 
designed for an eventual output exceeding 
1500000 tons annually. The mill will produce 
strip and light plate from 24 to 60 in. wide, in 
coils weighing up to 40000 Ib. 

The coke-oven and by-product 
Ravenscraig are to be built by Woodall 
Duckham Construction Co. Ltd; this will be 
the fourth complete installation of this kind 
built by Woodall-Duckham for Colvilles 

Ashmore, Benson, Pease and Co., a member 
of the Power-Gas Group, have received an 
order for a second blast-furnace plant at 
Ravenscraig. The furnace will have a hearth 
diameter of 25 ft 9 in. and will be designed to 


plants at 


produce over 1000 tons of basic iron per day. 
This plant will be similar to the No.1 blast 
furnace which the same firm completed for 
Colvilles in 1957. 


INDUSTRIAL PUBLICATIONS 
RECEIVED 


The Tyne Wire Rope Manufacturing Co. Ltd 
has produced a handsome 118-page catalogue 
of mining and engineering steel wire ropes. 

‘How to use Araldite Epoxy Resin Adhesives’ 
is the title of a very informative booklet from 
Ciba (A.R.L.) Ltd. 

From the Incandescent Heat Co. Ltd come 
leafiets on cupolas (F.P.1.) and dust arresters 
(F.P.2) for foundry plant. 

Two brochures from Head, Wrightson and 
Co. Ltd cover the activities of the companies 
in the group, and the services offered to the 
iron and steel industry respectively. Both are 
in French, German, and Spanish as well as 
English. 


I : ! recen 
lished leaflets fre ‘ hydraulic couy 
lings and drives f and Ritespeed 
geared nm 

Gnbbor rod 

oKlet ¢ ri $ € their act tie 

king in ec th OFU Ofenbau 
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The H800 record 
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Iyne | 
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- Street, New Y 
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DIARY 
4-10 Oct. 


ACEI 


Darnall 


Madrid 


4-10 Oct. 26th N . . FOUNDRY 
5-7 Oct. 00 > "EC LIBRARIES 


BI 


Is} ( ENERGY CON- 
FERENCE The spect for a 
nuclear-powered dry -« urgo liner, by 
E. C. B. Corlett and E. P. Haw- 
thorne— Institution of Naval 
Architects, 10 Upper Belgrave 
London SW1, 4.45 pm. 
MANCHESTER METALLURGICAI 
ry Presidential 
Dr E Emley—Central 
Library, Manchester, 6.30 pn 
THE IRON AND STEEL INSTITUTE 
and SOCIETY OF CHEMICAL IN 
DUSTRY GROUP) 
Joint meeting on corrosion—I4 
Belgrave London SWI, 
2 pr 
LIVERPOOI METALLURGICAL 80 
CIETY Presidential address: The 
production and use of steel wire and 
». by B. Ryan 
Department of Metallurgy, Liver 


Street, 


addresses, 


CORROSION 


Square, 


steel wire ropes 


001 University, 7 pm 

19-24 Oct. sociétr& FRANCAISE DE METAL- 
LURGIE-Journées Métallurgiques 
d’Automne— Maison de la Chimie, 
Paris 

21 Oct. LIVERPOOL METALLURGICAL 80 
CIETY Visit to Rylands Brothers 
Ltd., Warrington 

22-23 Oct. BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION Davs 140 

Park Road, London 


Open 

sattersea 

SW11. 

WEST OF 

STEEI INSTITUT! Presidential 

address, by J. W. Todd—39 Elm- 

bank Crescent, Glasgow, 6.45 pm. 

MANCHESTER METALLURGICAL 80¢ 

IETY Metallurgical research in 

the USSR, by Dr K. J. Irvine 

Central Library, Manchester, 6.30 

pm. 

28-29 Oct. THE IRON AND STEEL ENGINEERS 
Group (Iron and Steel Engineers 
Group)—Meeting of Junior Engi 
neers, Glasgow. 


23 Oct. SCOTLAND IRON AND 


28 Oct. 
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ABSTRACTS 


99-102) The application of statistical product 


ion studies to steel plant studies and the use of 


computers in evaluation are discussed, and 
illustrated by a study of sinter plant data. 

Desulphurization of Renn —, in the 
solid state M. Wahister and C. B. Schmidt 
(U/ron Coal Trades Rev., 1959, 178, Feb. 27, 
493-494; from Tech. Mitt. Krupp, 1958, 16, 
June, 39-40) The ‘luppen’ or nodules produced 
may have up to 1%5 and tests have been made 
to see whether some of this can be removed as 
a continuous operation before making into 
steel. A rotating kiln was used for (batch) 
testing taking | t nodules and lime and coke 
breeze, heating slowly to 1000°C and holding 
tall sulphur completely removed. With 
100 kg lume and 25 kg coke 8 fell in 4 h from 
1-1 to 0-25% and C from 0-45-0-13%. De- 
sulphurization began at ~800°C and reached a 
maximum at 900-—-1050°C, sintering sets in at 
1080°C. A continuous systern was then con- 
structed and 85%, of the S was removed using 
4 min larger sizes (about } of the 
wroduct) could be added to the blast furnace 
mee esa Phe sulphur-rich lime layer could not 
be removed mechanically, but reabsorption 
was negligible in the furnace, and 8 
was decreased to 0:06 Further reduction 
could be effected with a suitable slag. 


was 


nodules, 


electric 


FUEL-PREPARATION, PROPERTIES 
AND USES 

a Efficiency in the iron and steel industry 
R. P. Towndrow (J. Inst. Fuel., 1959, 32, 
Mar., 106-109) A general account of directions 


which fuel economy has taken. 

Fuel briquetting in the USA D. G. Madley 
(United Kingdom Scientific Mission Memo. 
No.17/58, 1958, Dee. 19, pp. 9) Data collected 


from visits to four plants are presented. 
New possibilities for the dehydration of 
fines in the preparation of coal K. Lemke 
(Gliickauf, 1959, 95, Feb. 28, 293-298). The 
technically and economically greatest problem 
of German coal preparation is the dehydration 


of the fine sludges, a problem that was un- 
known ten years ago, and is still unsolved in 
spite of a number of new methods that were 


tested recently. The old conve 
failed cor ipletely These 
described T.G. 

improvement of coking coal quality Kk. M. 
von Storch (Blast Furn. Steel Plant, 1959, 47, 
Jan., 42-43, 54) The operation is des scribed 
of the Wellington, Utah, coal cleaning 
plant of United States Steel Corp 

Coal handling at the Aliquippa works of 
Jones & Laughlin Steel Corporation ©. L. 
Potter (Blast Furn. Steel Plant, 1959, 47, 
Jan., 39-41, 50 The handling of coal is 
desenbed from its receipt in barges from the 
mines of the Jones & Laughlin Corp. to its 
delivery to the coke ovens 

Papers on fuel technology and other subjects 
presented at the Annual Meeting of the 
American Society of Mechanical Engineers in 
New York City Nov. 30-Dec. 5, 1958 D.Q. 
Madley United Kingdom Scientific Mission 
Memo. No.20/58, 1959, Feb. 13, pp. 9) The 
aerodynamic approach to furnace design J. H. 


Chesters (1) The use of models for studies on 


ntional methods 
methods are briefly 


new 


the flow pattern, mixing, and flux deposit in 
OH and other furnaces is described, with 
findings Use of flow models for boiler furnace 
design R. W. Curtis and L. E. Johnson (2) 
Use of models for studying pulverized-coal 
burner performance (:. C. Whitney (2) Coal 


cleaning in relation to sulphur reduction in 
steam coals Hi. J and R. A. Glenn (3 
The compacting process, a method of particle 
agglomeration H. LD. Vanderlip and G. J. 
Jennrich (6) An account of the ‘Compactor’ 
mill and tests on the granulation of NaC! are 
given A_ radiotracer counting method for 
engine wear determination i. H. Okrent and 


Rose 


G. A. Weisverber (8-9 

Improving Foundry Coke (Castings, 1959, 
5, Feb., 7, 9 otes on a symposium are given. 
Size and strength of coke and cupola perforn 
ance are very briefly discussed and addition 
of Diesel oil to the charge is shown 


to improve 

coke properties ‘ 
The B.C.R.A. Coke Research Centre (Cok« 

Gas, 1959, 21, Apr., 134-141; Gas World, 1959, 
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149, Apr. 11, 698, 
trated descriptions 

The process of fissuring in coke and the 
mechanism = coke formation J. Nadziakiewicz 
(Coke Gas, 1959, 21, Feb., 46-55). 

iscor Works, Vanderbijipark (Coke Gas, 1958, 
20, Nov., 446-453) A detailed account of the 
coking plant is given. 

Preparation of metallurgical coke M. 
Turkovich and E. F. Burch (Blast Furn. Steel 
Plant, 1959, 47, Jan., 34-38) The various 
types of equipment used for coal preparation 


701, 702, 705, 706) Lllus- 


before shipment are described, and their 
applications illustrated by an account of the 
coal preparation plant used by the Island 


Creek Company at their Virginia mines. 

Influence of the ash content of coal on the cost 
of the coke and (crude) pig iron, and influence 
of coal moisture on the cost of the coke P. S. 
Bakels (Inst. Nac. Carbon Bol. Inf., 1958, 7, 
July/Aug., 141-170). 

Olefine and benzole formation in coke ovens 
J. Ewers (* Brennstoff-Chem., 1955, 36, Feb. 9, 
33-7) A report of a lecture. Better yields of 
ethylene and benzene are obtained when 
mineral oil is injected into the gas space of the 
oven instead of mixing it with the coal. By 
choice of temperature and the legnth of stay 
in the reaction space either olefine or aro- 
matics production can be favoured. Time can 
be regulated either by contro] of throughput 
or by use of a carrier gas; longer times favour 
aromatics formation 

Factors affecting the biological treatment of 
carbonization effluents J. W. Abson and K. H. 
Todhunter (Gas World, 1959, 149, Apr. 4, 


61-70, 72 


AIR POLLUTION AND SMOKE 
The purification of steelworks fumes L. 







Septier and P. Leroy (Publ. IRSID, 1958, 
Series A, (194), Dec., pp. 47). After discussing 
the characteristics of fumes, the methods of 
collection, cooling and cleaning by wet and 


dry processes are described. Factors governing 
the choice of process are discussed. (29 refs) 
Properties of steelworks fumes are tabulated 


in an appendix.—a.a. 


as to the calculation of electro- 


precipitators J. Bohm (Research Institute in 
Aw Handling Equipme nt, Praque, selected 
articles, 1958, (1), 8-41) [in English] A modified 


Deutsch formula is derived and used to 
compare calculates A and measured separation 
efficiencies. Though experimental data are 
limited agreement appears to be satisfactory. 


Air pollution and its measurement I. Petrysin 


52-85) [In German] Dust content measure- 
ments near a large power station are con 
sidered. A simple method of measurement 
with examination of the dust particles is 


described and 
conditions. 

Dust precipitation by sonic and ultrasonic 
vibrations A. Willner (Bergbau-Technik, 1955, 
5, (4), 201-209) Theory and equipment are 
reviewed, and technical and experimental 
plant is described. Future developme 
foreshadowed. 


correlated with meteorological 


nts are 


REFRACTORY MATERIALS 


Steel plant refractories in Russia K. Shaw 
(Jron Steel, 1958, 31, Dec., 593) A review of a 
conference on steel plant refractories held in 
Russia in July 1958, dealing very briefly with a 
large number of details.—tT.a. 

Practical test of special silica bricks. Silica 
bricks containing Cr,0, Isoda (Tetsu to 
Hagane, 1958, 44, Sept., 1012-1014) ‘Sikron’ 
and silica bricks are compared, as to chemical 
composition, refractory properties, and 
changes of these under various test conditions. 

Relation of properties of high-aluminous root 
bricks and conditions of steelmaking. Study on 
the roof of electric arc furnace made of high- 
aluminous brick 1. S. Niwa (Tetsu to Hagane, 
1958, 44, Sept., 1018 
of the brickin 


1020) Details are given 
g pattern and of the chemical and 


refractory properties of four types of brick 
ised. The relationship between roof life and 
ratio of high-alloy to total heats follows no 
yronounced pattern K 


Effect of minor additions on sintering of 
MgO G. K. Layden and M. C, eQuarrie (J. 














{mer. Ceram. Soc., 1959, Pm Feb., 89-92) 
Effects of Li, Na, Al, Si, Ca, Ti, V, Cr, Mn, 
Fe, Zr, Ba, Ta and W, are reported. Cr 
inhibits sintering, most produce increased 
density but Ta, W, Ba and Ca had little 
effect on densification and W produces dis- 
ruption (by compound formation) at ~1 200°C, 
V has a considerable effect 

Problems in the production of sea-water 
magnesite W. C. Gilpin ( Kefract. J., 1959, 35, 
Jan., 4-12, discussion 13-14). 

Clay lengthens pig mould life 
1959, 183, Jan. 15, 83) The successful use is 
described of a mixture of clay and carbon- 
aceous materials in place of lime for coating 
pig casting moulds.—a.«. 


Tron Age 


{© 


IRON AND STEEL-—GENERAL 


Developments in the iron and steel industry 
=— 1958 I. E. Madsen (/ron Steel Eng., 
1959, 36, Jan., 112-158) A detailed survey is 

given, mainly but not exclusively referring to 
US plants, of production in 1958, and develop- 
ment programmes in the fields of iron and steel 
manufacture and related 
equipment. 

Impressions of the Polish iron and steel 

industry C. Knight (£.8.C. News, 1959, 12, 


processing, and 


(4), 4-9) An illustrated account of an exchange 
visit. 

Soviet steel—_Expansion and research R. 
Sewell (Brit. Steel., 1959, 25, Feb., 52-57) 


A review of Soviet plans and developments in 
iron and steelmaking 
reference 


plants and techniques, 
made to developments in 
welding processes (14 refs.). 

Tata's two-million-ton project (Visco, 1959, 
6, Jan.) Role of Kaiser Engineers (i-14) 
Shipping and clearing at Calcutta (15-23) 
Construction at Jamshedpur (24-68) An 


illustrated description. 


being 


BLAST-FURNACE PRACTICE 
PRODUCTION OF PIG “ee 


The new giant in the valley J. 


AND 


. Stapleton 


and D. H. Regelin (Blast Furn. Steel Plant, 
1959, 47, Jan., 55-61) An account is given of 
the rebuilding and modifications of No.3 
Carrie blast furnace at the Homestead District 


Works of United States Steel Corporation. The 
rebuilt furnace has a 28 ft hearth diameter, 
and has been extensively modified 

Review of the iron making operation at 
Yawata works after the war and its prospects 
pe the future K. Tsujihata (Tetsu to Hagane, 


1958, 44, Sept., 958-960 K.E.J. 

Soviet blast furnace practice J. H. Strass- 
burger (J. Met., 1958, 10, Nov., 721-723) A 
description is given of blast furnace and 


sintering Operations at the 
Zaporozhstal works, covering 
and future plans. AG. 

On the high humidity operation of a biast 
furnace E. Sakamoto (7'etsu to Hagane, 1958, 
44, Sept., 956-958 Furnace operating results 
show that moisture in the blast (10-30°) 
increases output and blast temp., and reduces 
coke rate.—K.E.J 

On the progress of recent practice of blast 
furnace in Kawasaki iron works, Nippon Steel 
& Tube Co. 7 lr. Tamada (Tetsu to Hagane, 

1958, 44, Se 949-951) K.E.J. 

Study on ‘Sasten transit with radioactive 
isotopes. Il. The transit time at different 
positions of the furnace S. Komaki (Tetsu to 
Huagane, 1958, 44, Sept., 960-962) Studies 
using the “Co technique show transit times 
between 84 and 13 h.—k«.e£... 

An investigation of - flow in a small biast 
furnace H. W. Hosking, W. 0. Philbrook, and 
N. B. Melcher (Trans “Met Ss 1]ME, 1959, 
215, Feb., 96—103) Rates and patterns of gas 
flow were measured in an experimental blast 
furnace by determining gas compositions and 
temperatures, and bv direct measurement of 
gas transit time using Hg vapour as a tracer 

A mercury-vapour method fer the study of 
gas movement in the blast furnace H. W. 
Hosking, W. O. Philbrook, and N. B. Melcher 
(Trans. Met. Soc. AIME, 1959, 215, Feb., 
104-110) The technique is described of using 


Kuznetsk and 
current practice 


Hg vapour as tracer to investigate rates and 
patterns of gas flow in blast furnaces. A pulse 
of Hg is injected into the hot blast. The 


method of measurement is described 











Permeability to gas in the Blast Furnace, 
and utilizing a German-type gas sampler Y. 
Imao (Tetsu to ,Hagane, 1958, 44, Sept., 
947-949) Measurements of shaft-gas analysis, 
temperature, pressure and velocity , were made 
in tive concentric zones between the centre and 
the walls, for 100°, raw ore and 100%, self- 
fluxing sinter burdens. The patterns obtained 
are compared with the permeability and 
reducibility of the burdens.—-K.E.J 


Distribution of biast furnace burdens in the 
furnace-top charging equipment and the charg- 
ing level M. Yamamoto (7'etsu to Hagane, 1958, 
44, Sept., 954-956) Varying patterns of Dungun 
ore, sinter and limestone (including inclined 
distributions) were placed on the bell, and the 
distributions in the furnace are followed. 

An experiment on Cr-elimination in the 
1-ton experimental blast furnace ©. Nakane 
(Tetsu to Hagane, 1958, 44, Sept., 971-973). 

Where there’s iron there's a furnace (/ ar 
East Trade, 1959, 14, Mar., 353) Lilustrations 
of Chinese home-made furnaces with brief 
commentary. 

The use of self-fluxing sinter J. S. McMahan 
(Blast Furn. Steel Plant, 1959, 47, Jan., 
51-54) Operating data for the use of self 
tluxing sinter at the plant of the Steel Company 
of Canada showed that iron production of an 
18 ft blast furnace was increased by over 40 
coke rate being lowered by 26 
were achieved 
investment. 


The making of self-fluxing sinter and the 
blast furnace operation with 100°, sinter 
burden K. Kasai (7’etsu to Hagane, 1958, 44, 
Sept., 951-954) The mix consisted of 34-8° 
pyrites cinder, 31-0°, unported ore, 15-2 
limestone and amounts of mill scale, iron sand 
and Mn ore. Details are given of the 
size and strength, and of the furnace 
using this burden.—K.E.J 

Works trial with 95°, sinter on No.7 Seraing 
blast furnace “ the Société Cockerill-Ougrée 
~ Firket and J. Molderez (Rev. Univ. Min., 

1959, 15, Feb., * 106) A report is given of a 
95°, sinter trial on a 5 m dia. blast furnace of 
S. A. Cockerill-Ougrée. The properties of the 
sinter, details of the trial and the technical 
and economic results are discussed in detail. 

Effect of iron-ore pellets on blast-furnace 
practice and a review of industrially employed 
pelleting methods K. Meyer (Stahl Eisen, 1959, 

9, Feb. 19, 222-225). The author estimates 

that about 17 10° tons of pellets per year 
are used all over the world and reviews the 
beneficial effects on blast-furnace practice and 

ympares the various methods employed in 
the production of the pellets.—t.«c. 

Heat balances and blast furnace coke rates 

Poos and A lecker (Rev. Univ. Min., 
1 159, 15, Jan., 19-32) A method of calculation 
is presented which permits the prediction of 
coke rates and the expression of each factor in 
terms of kg of coke. Practical examples are 
given illustrating the application of the 
method. A.G, 

Kinetics of iron ore gy i” W. M. 
MeKewan (Trans. Met. Soc. AIME, 1958, 
212, Dec., 791-793) A note. A ee aaanmaaen 
ing the initial radius of a sphere of iron ore, its 
density, the fractional reduction, time, ete., 
is derived and compared with the oer plished 
results of reduction kinetics. r.G. 

Static control provides biast furnace auto- 
mation N. J. Behne, H. C — jun., and 
J. R. Erbe (Jron Steel Eng., 1959, 36, Feb., 

27-138) The principle and details of the 
operation of the automatic charging system 
installed for No.4 blast furnace of the Y oungs- 
f United States Steel Corp. are 
described and discu 

Development of a hot-filter for the purifi- 
cation of top gas from a low-shaft furnace 
operated with bituminous coal \W. 
H. Weyerstrass (Forsch. Wirts 
Westfalen, No.400, 1958, pp. 75) The 
used in the low-shaft 
produces a top gas 


. These results 
without additional capital 


sinter 
ope ration 


town works 


ssed. 


Fuchs and 
Nordrhein- 
bitu- 
furnace 
that contains large pro- 
portions of tar among other impurities. This 
puritied by conventional 
methods as it tends to polymerize. It must 
therefore be cracked, preferal ly 


minous coal 


gas cannot be 


on materials 


that ca fu 
hot vas is heated further and led tl 

mixture of ire where it cracks, at the 
time reducing the ore to a certain exter 
will save coal when the ore 


n later be charg 
more 


is charged. ‘It 
results of the tests are reported in detail.—1 

High voltage rectifiers in the iron and steel 
industry EK. Hanson (Metro. Vick. Gaz., 1958 
29, Nov., 293-297) Blast furnace gas- leaning 
plant is described. 

Problems and possibilities of 
smelting 8. Marincek (Llektrowarme, 
Feb., 29-31) The blast furnace 
quality coke but electric smelting 
the quantity of coal of practically any quality 
To reduce the consumption of 
smelting with fines can be employed 
doubles production and halves the electricity 
needed. 

—— on electric pig iron smelting of iron 
sand. Influence of reducing conditions on 
the composition of the pig iron Y. Sato (Tetsu 
to Hagane, 1958, 44, Sept., 962—963).—K.E.J. 

Smelting - iron sand agglomerates in the open 
type electric furnace Y. Kusajima ay tau to 
Hagqane, 1958, 44, Sept., 967-969) The irnace 
is described, and the smelting practice prc ns 8 
agglomerates, coke limestone and 
degraded SiC. The power consumptior 
with lower degrees of oxidation of the 
merate. K.E.J. 

Electric furnace smelting of East Texas iron 
ores--A progress report Ii. Kenworthy and 
A. G. Starlipe r(US Bur Mines Rep. Invest 
5427, 1958, pp. 12) The ores contain < 25°%,Fe 
but laboratory tests show that a high recovery 
is possible and the iron formed is suitable for 
steel production by standard methods 
Recoveries exceeded 95 while commercial 
mineral dressing 
as a 45-50°.Fe ec 


iron ore 
i959, 17, 
requires high 


uses half 


power, pre 
which 


breeze, 
is less 


aggio 


recoveries were mily 50 
yncentrate. 

Kennecott dedicates the Hayden smelter 
C. D. Michaelson (Eng. Min oa 1959, . 
Jan., 102) A plant producit n and 
H,SO, from pyrites waste is briefl idered 
The artic le 
the opening 

Direct reduction of iron ore It. K. Rogers 
(Dept. of Mines and Techn. Surveys, Ottawa 
Inf. Cire., IC 109, Oct., pp. Il An 
outline of the nt status of direct processes 
with brief reviews of the H-iron, Madaras, 
Wiberg-Soderfors, Stelling, R-N, Kalling, 
Strategic-Udy and Krupp-Renn processes 

Direct iron ore reduction vanagh 
(J. Metals, 1958, 10, Dec., 804 
in direct reduction processes hs 
recent years due to rising 
high cost of new cay ital « 


is the substance ess at 


1958, 


prese 


scrap ¢ 
julpme! 
with the increasing availability of lower 
ores and the necessity for treating fines 
commercial processes are described 

Iron by direct reduction | 
Mag., 1959, 100, Feb., 73-7 
the Strategic-Udy 
Niagara Falls, with 
estimate of costs. 

iron reduction process 
4, Nov., 4-5). A note 
process. 

Here’s direct reduction process for small 
plants Steel, 1958, 143, Dec. 1, 78-80) The 
Hyl process is described; it is a commercial 
nethod of direct reduction of iron ore to 
sponge iron for charging to electric steel 
furnaces. A 200 t per day plant is 
operating in Mexico and larger plants are 
planned. Ore is reduced in fixed-bed batch- 
type reactors by re-formed gas made 
natural gas. Advantages are 
blast furnace; 
sary; low 


Grindrod (Min. 
8) An account of 
process as 


thermal 


worked at 
data and an 


Mod. Castings, 1958, 


on the Strategic-Udy 


making 


from 
alternative to 
coke and limestone not neces- 
capital investment; 

possible; ore fines can be handled 


small scale 


D.L.C.P 

Mains-frequency induction crucible furnaces 
in the new Ford Co. of Brazil, Sao Paulo, 
foundry H. Rohn (Elektrowdrme, 1959, 17, 
Feb., 42-44) The reasons for the choice of this 
type of furnace are ven and three are 
installed producing 75-80 t/day of 
two-shift operation. The capacity of each 1s 
8000 kg with a load of 4200 kVA. The opera- 
grades of iron produced, and control 


also described 


iron nm 


tion, 


system are 
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PROPERTIES, TREATMENT AND 


USE OF SLAGS 


Density o some blast-furnace slag (/ron 
Coal Trad 1959, 178, Feb. 6, 327 
Methods of making densc lag suitable for 
raiwa ballast 
sidered winnowing device for 


road making and are con 
separating 
el yped by 


sus slag is being de 


dense and por 
BISRA AG 
Separation of blast-furnace roy 4 Found 
sree ss, Se Se or 19, 212 note on 
the BISRA f 
dense at porous 
Slag recovery at Yawata works K. Wada 
Wet., 1959, 11, Mar., 187-188) Beneficiatior 

of the OH slag produced in this works and 
its utilization in the sinter plant are described 
Activity of oxygen and constituents in 
magnesia-saturated lime-iron oxide slags 5% 
Shimada l'etsu t Haqgane 1958, Sept., 


, 
1070-1072) Graphs show the effect 


parato r the pr bn 


fractions 


I COLCO, 
mixtures quilibria, 
and the yer reassure at ies of FeO 


and Fe! 


PRODUCTION OF STEEL 


Iron and steelmaking with special reference 
to the technology of oxygen steel J. L. Harrison 
| Hierro Acero, 1958, WW, Oct.- Der 

neing with bre! review 
I ent of the tror 
or 
use of « 
of the | 
appli 1 tT ese proce es in Spain 
a pronase in the production of 
steel WW Mauberman (Blast Furn. Steel 
Plant, 105%, ae > \ 
processes in sinte 


itomati 
narging 
ind soaking pit an tlingy mi control are 
outined 

Buildings for iron and steelworks. Discussed 
at BISRA Conference (/Lrgincer 159, 187, 
ke 13, 220-221 Abstract irre given of the 
following: Foundations to iron and steel works 
buildings \WW.s. At » Some notes on iron and 
steel works buildings at Corby works J. bl. 
Clements Some notes on modern steel works 
structures Ic. Fk. Wooldridge and N. Lancaster 
Load distribution through melting shop stage 
and gantry rail maintenance |). bb. Wilson 
Superstructures to iron and steel works buiid- 
ings K. I. Geesin tron and steel works build- 
ings l:. Ibbotson The framework of buildings 
used in the iron and steel industries in France 
\. Delcarnp Examples of iron and steel works 
buildings in Germany ©. F. Drath Research 
and development in relation to buildings and 
structures in the iron and steel industry J. 5. 
lerrington, D. Buchanan, and P. D. Thompson 
Architectural aspects of iron and steel works 
buildings F. Gibberd 

Control engineering 
Phomas ’rocesa Contre Autom., 
Feb., 50-55 


in a steelworks M. 
1¥59, 6, 
Instrumentation of OH, re 


heating and continuous furnaces and soaking 


and of meltir shops and rolling mulls is 
nsidered and illustrated with block dia 


grains 
Statistical techniques KR. \ 


Wallach (Eng 
neer Foundryman, 1959, 24, Feb., 48-52 
Uses in the steelworks are described 
‘ 


Sampling 
analysis, defects in rolled products as 
to operating ariabies il 
trength of pl 
and the of material by 


shearing length control are con 


teelmaking 
nensions of 


sidered 
On deoxidation reaction by vanadium in 
molten steel and its equilibrium constant 
H. Sawamura (T'etsu to Hagane, 1958, 44, 
Sept., 1030-1031 K.E.J 
On sulphur restoration caused by chromium 
elimination, and its remefy K. Maeda (7 etsu 
1958, 44, Sept., 973-975) The 
results illustrate the linear relationships bet- 
S and (FeO), and between the eight of 
sulphur restored and the oxygen used fror 


to Hagane, 


oxidizing Si, Mn, and Cr K.E.J. 

Tonnage oxygen tor steelworks (Overseas 
Eng., 1959, 32, Apr., 204-297) A review, with 
an account of the systerns used by British 
Oxygen and Air Products (Great Britain) Ltd. 


October 1959 
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ABSTRACTS 


The utilization of tonnage oxygen in recent 
steel-making processes M. Doi (Tetsu to 
Hagane, 1958, 44, Sept., 1023-1026) Trends 


in general furnace operation xygen con 
sumption, fuel consumption, melting time 

production rate and iron ratio) over the period 
1950-1958 are examined, and details are 
given of test utilization of tonnage oxygen 


Steel Company of Wales. Third development 
plan raising capacity to 3 m ingot tons (/'inan 
cial Times, 1959, Feb. 4, 13) Architecture of 
today. No.462. Constructional work at Port 
Talbot A I Edwards 14-15 An account, 
with illustrations 
of erection 


The expansion —e a Sparrows Point 


, of the buildings in course 


G Little and J. M. Tillman (Jron Steel Enq., 
1950, 36, Fel 69-4 ecnal: levelopment 
at the Sparr Point plant of the Bethlehem 
Steel Co. are described. They include increased 
ingot production and lab r om capacity, 
with additional electri 

Jones & Sane: Cleveland Works r. J 
ss (Jron S nq., 1959, 36, I , 86-104 
A descripti ‘ ! f the iron and stee 
making and steel processir plants at 





Standard steel works installs —— oo 


specialty steel (/ron Steel Eng., 1959, 36, 
158) Installation is deseribed of a etre 
furnace, and f ingot-cooling and } t 
treating furnaces and of an X-ray spectro 
meter at the Standard Steel Works D n 
of Baldwin-Lima-Hamilton Cory 

Billets and 5 + oro H. McC. Law 
Eng. Found., 9, 24, Feb., 43-47) D 
and installation of a steeln ny plant 
site of TR000 Ft? leseri | | tlt 
blown converters were wed and tt plant 
produced ip to 50t of 1 tea per O} ft. The 
analytical trol rihed ind 


Preliminary experiments on the eieination 
of chromium from molten pig — by Besse- 


ge ¥ I Souma ne, 1958, 
44, 970-971 Re t ur ‘ en for the 
Variation of efter and ¢ Te bat of (C'r 
reduction with bath temp., and for t 
distribution of o» hetween Si, Mn, Cr and 
C, at different ter ' 


A study on the. dapheaphortention equili- 
brium in oxygen converters Application of 
Schenck’s equilibrium formula and Herasy- 
menko’s ionic method 1). Homma (Tetsu to 
Haaqane 1958, 44, Sent. 1063-1085 EJ 

Study on a permanent wall type qusnaee with 
forced cooling. 1V. Experimental operation of 


= water-cooling converter Ii Sat letsu t 
me, 1958, » Sept 1065-1067 ( 

me. ns of sla anal meta) at charging nd 
at the end { ir is heat ure ver Var 
tions of water term) sith ] u tur i 
shown rapt 

Fiow in the slant. top- blowing converter 
H. A. Hasir Tetsu Hagqane, 1958, 44, 
Sept., 10 056) 1 patter n the 1 
and liquid are hown for rious unt 

d angles of asvmmetrvy of th jet K FoI 

Model experiments on the profile and 
Operation of the L.D. converter M. Shimada 
(T'etao to Hagane, 1958, 44, Sept., 1056-1058 

Study of dephosphorizing reactions with the 
5-t experimental oxygen converter S. Maehara 
letaunt H jane, os, 44, + 1058-1060 


Study of einaen in steel with the 5-t 
experimental oxygen converter in Yawata 
works S. Maehara ee to H me, 1958, 
44, Sept., 1060-1062 EJ 

Study ot oxygen and sulphur in steel with 
= el oe oxygen converter S%. 


rita Hagane, 1958, 44, Sept., 
— 1O63 

Oxygen costenateng Hi vad Wrightson & ¢ 
std (P 1959, | . pI a [ 
Thomas, L.-D and = Kaldo pr ure 
re 

The Lo. precess DD Fla t (Mét. Constr 
Mecan., . 91, Feb., 79-82) 7 nical ar 
ecor ( nsiderat Ss in re it t t ti 
aD process aré yutline oe 1 i th 
world L.D 

Stee! molting ‘ound at Aviles, ‘Spain Enq 
neer, 1959, 207, | 6, The 1 
OH shop witl r-G tit ry furnaces and 


600-t mixe 
The new melting shep of ENSIDESA at 
Aviles (Brit , 1959, 41, Mar., 280-281 


Journal of The tron and Steel Institute 





An illustrated account of the electrical equipment, 
supplied and erected 


hydrogen content in molten oon hw the basic 
arc furnace procedure M. 


A note on physical chemistry and the 
practice of steelmaking 

On the reaction velocity of ‘onininn 
in the steel bath of some basic electric furnaces 


snces of this condi 


Fundamental research on combustion in the 


“A nce KE for ———- the er ag 
of an arc furnace Yi re 


High r= eg Steel fg 
Factors affecting fuming ary 
lden (JJ 


Application of oxygen to basic open-hearth 


production of killed steel ‘Mechanically-capped 


Study of enstheraie mixtures. 111. Properties 


and gunds K. Kaki ‘Seeve- -type —— 


—_— on " cacthenaile hot 
: . Hl. Saving of hot- ~topping om 
On the reconstruction ofa Siemens furnace ane of bet. tops K. Sal ] to 
’ i ' 
- Effect "of a track ime on ‘the segregation 
Construction and operation of rimmed Herr 
furnace with all- -basic Is 


Progress on the construction ‘of the open- 
hearth furnace roof r 


"Experiments in “the aoe emens of semi- ones 


Some settee on an open- fpepate furnace with 





investigation of chrome- 
magnesite brick after service in the roof of a 
basic open-hearth furnace ’ 


semi-killed steel ingots 
between degree of 
— ots bans ~killed steel "toe H 


Heat losses through the open- -hearth turnace Progress in ‘the amen casting of steel 


The origin ‘of sand marks. (The study of non- 

Automatic combustion control for a gas- 
fired open-hearth furnace. 
matic combustion control for a gas-fired open- 


PRODUCTION OF FERRO-ALLOYS 
Ferro-alloys and alloy steels 
N Special Issue, 1 ) 


Electric melting ot tech H 1 Zr | 
Financial ) | The UK ter. -alloys peony 
frequency type furnaces F r , 29-3 
arc furnace design 
frequency steel making \\ 

Installation and Commissioning of an 80-t 
electric arc melting furnace t 


red The Norwegian industry O 


The terre- alloy industry. in 


October 1959 


France 


metallurgie 


Syndicale de I’ Electro 
et de l’Electro-chimie (43, 44) A 
brief review with statistics of output 
Ferro-alloy industry in ftaly Ferroleghe 
Unione Produttori Italiani (47, 49) Statistics 
and a list of producers and of products are 
World ferro-alloys directory (52-57) 
US ferro-alloy industry J. ©. Vignos (61-63, 
65) Brief reviews of Fe-Mn, Fe Si, Fe—-Cr 
and its classification are given, with a table 
of imports and a note on electric furnace 
pone ag The role of the ferro-alloy 
merchant J. D. Proctor (67, 69) The use and 
cen A of blast furnace terro-manganese 
73-74) A brief survey of effects in steel, ore 
sources and operating conditions The _use _of 
manganese in steel 1). F. MeVittie (75, 77, 
78 ena in special steels A M. Sage 
79, 8l, ) Ferrochrome producti briefly 
pi Silicon and steel (57 8%) Nickel 
in special steels Mond Nickel Co. (91, 94 
Cobalt in steels and ferrous alloys Cobalt 
Information Centre, Brussels (95 96 Tungsten 
P. S. Bryant (97-99) W powder and carbide 
briefly considered Molybdenum: 
Strategic and industrial asset 8B. Jones (100 
101, 105). Vanadium in steels A. F. Sprankle 
103.105) A glimpse of history (106-107) An 
account of the ferro-silicon market in the late 
1920's and the part played by ¢ Tennant 
Sons & Co. in the establishment of production 
at Bjolvefossen in N« 4 

tron removal in! high nickel pig iron in the 
production of ferro-nickel Kk. Hirasawa ( /'etsu 
to Hagane, 1958, 44, Sept., 963 965) Increasing 
amounts of xvygen blown reduced the iror 
content at 1400 50°C, and led to i 
recovery of (Ni Cr). For the 
rates, increasing additions of SiQ, increased 
the (Ni Cr) content of the metal, but 
tended to reduce the recovery K.E.J 


Chambre 


steel 


given 


on 18 


CISC USSE d 


ar also 


rway 


ncreased 
oxygen 


same 


FOUNDRY PRACTICE 


Compressed-air economy in foundries A 
Lindecke Techr 1958, 4, Oct., 
253-258) A number of recommendations art 
given on how to economize 
of compressed air 


(Giessere: 


in the consumption 
It is pointed out that in 
is considerably cheaper to us¢ 
mstead of compressed-air tools r.G 

ingot-mouild foundry for —— 
Trade J 1959, 106, Jan. 29, j 

119) An illustrated account of the new 
Brightside foundry at EKeclestield Brightside’s 
new ingot mould foundry ( /rit. Stee/, 1959, 25, 
Jan., 20-21) A deseription of the equipment 
and operation of the new 25000-t per annum 
ingot mould foundry of the Brightside 
Foundry and Engineeri: Company Ltd. 
ingot mould production (/ron Sieel, 1959, 32, 
Jan., 25-26) A description of the new plant 
for 1-15-t ingot moulds put into operation by 
the Brightside Foundry & 
at Ecclestield 

The partially mechanized cement sand 
moulding shop with a sr yg sequence of 
operations W. Hoeg 46, Feb 
12, 81-86) The organization of a partly- 
cement sand moulding shop is 
described, and its advantages are enumerated 

Cupolas F. Dunn and H. J. Leyshon (/ron 
Steel, 1958, 31, Dec. 24, 632-636) An account 
is given of cupola design and operation. The 
future prospects for the hot blast cupola are 
considered and aspects meriting further 
investigation are put forward.—Aa.a. 

This cupola benefits foundries by benefi- 
ciating iron ore ©. McGlone (Mod. Castings, 
1958, 34, Dec., 25) Molten cupola iron is 
converted to fine iron powder by pouring into 
a stream of water. The powder is used in a 
heavy media beneficiation plant at the 
Minnesota iron mines.—a.«a. 

Rotary furnaces F. Dunn (/ron Steel, 1958, 
31, Dec. 24, 637-638) The design, principle 
and methods of firing rotary furnaces are 
described. It is considered that such furnaces 
will continue to be used for batch melting in 
the production of malleable irons, as a super- 
heating unit and as a holding furnace in 
duplex melting processes.—a.a. 

Air furnaces K. H. Wright (Jron Steel, 1958, 
31, Dec. 24, 639-642) The main features of air 
furnace design, construction and melting 
practice, are discussed. The relatively low 


many cases it 
electric 
New 


(Found, 


Engineering Co 


r (Gresserer, 1959, 


mechanized 


capital and operating costs will 
ensure the continued use of air furnaces for 
the production of bulk quantities of metal of 
controlled quality A.G 

The importance of the induction furnace for 
the foundry K.-H. Brokmeier (Giesserei, 1959, 
46, Mar. 12, 129-136) The metallurgy and 
relating to the induction 
melting furnaces in the foundry ar 


probably 


economics use of 
crucible 
discussed 

Operating experience with an 8-t mains- 
frequency induction crucible furnace ti 
fosenberg and W. Dobber 195Y, 
46, Mar. 12, 136-137) An 
the lining operation of an 8 
induction furnace, 
of sources of trouble 

Graphite consumption during melting of 
alloy cast iron in a 300 kg graphite-rod furnace 
K Wagner 1959, 46, Feb 26, 
114-116) The rather expensi graphite rod 
s destroved by humidity and oxygen from th 
atmosphere during melting. The rate of this 
‘ess 1s rather slow at the beginning wher 
the graphite rod is smooth but 
rapidly with increasing roughness of the rod 
Rod consumption depends not only on the 
monthly quantity melted down, but also or 
the number and weight of the melts, 
shows a — dependence to the current 
consumption. ; 

The thermal and elastic —— of eight 
cast irons LD. Fitzgeorge and J. A. Pope (Trans 
N.E. Coast Inst. Eng. Ship., 195 +, Pr 
285-330) Materials for combustion chamber 
parts for Diesel engines were examined with 
@ view to the use of the Eichelberg ‘quality 
factor’. Even with modifications the expres 
sion was tound too insensitive for use as a 
reliable index ¢ id further theoretical 
work on these lines is regarded as unpromising 

Growth and scaling in §$.G. iron R. J 
Maitland 0 i. § H. Hughes (Iron Steel, 
1958, 31, 573-577) The authors studied 
the effect 2 Si on the growth and scaling of 
nodular graphite irons in the range 2-5-7 % 
Si at 650-1000 Inere content 
inhibits growth and scaling below the 
nite transformation, but 
this transformation point they become 
results that 


sealing 15 


(Giieaserei, 
account is given of 
metric ¢t 


indication 


and 


with automat 


(Cieasere 


proc 


increase 


i.e, it 


reprint, 


if quality ar 


asihng Si 
auste 
where both are slow, 
above 
@eXCeSSIVE 
Si then 
refs.) T.G 

The subject of an austenitic manganese 
cast iron with nodular graphite N. Popescu 
Rev. Met. (Bucarest), 1958, 3, (3), 73-77 
The manufacture and properties are described 
austenitic 


and it appears from the 


promotes growth and 


of an cast iron with a 
nodular graphite structure produced by inocu- 
lation with Mg 

Research on the influence of magnesium on 
the contraction of cast iron |.. Sofroni, R. P 
Todorov and G. I. Koshovnik (Rev. Mé 
(Bucarest), 1958, 3, (3), 61-72) Investigation of 
the effect of varying amounts of residual Mg in 
cast iron on contraction of the iron showed that 
Mg influences contraction characteristics by its 
effect on the amounts of eutectic 
eutectic graphite formed 

Investigations into the use of zinc- and 
aluminium-containing magnesium alloys com- 
pared with pure magnerines in the production 
of nodular cast iron H. Grossmann ((Giesserei- 
technik, 1959, 5, Feb., 48-52) The effect of Zn 
on the formation of spheroidal graphite, and 
of Al introduced together with the Mg on 
strength, have been studied. Mg alloys 
containing Zn and Al were found to have no 
deleterious effect.—L.J.L. 

Lanthanum, the rare earth that softens 
ductile iron A. P. Alexander (Mod. Castings, 
1958, 34, Dec., 24) The addition of Mg ferro 
silicon plus a mixture of rare-earth metals 
containing 30%, La to molten grey iron is said 
to yield a ductile graphite iron. This effect 
demands 0-004-0-02% La, is independent of 
iron composition and has yet to be completely 
explained.—a.c. 

Putting into practice a new material: The 
diftused-graphite cast iron J. Pomey (Micro- 
tecnic, 1959, 13, Feb., 20-29). The develop- 
ment of this material in which ¢-hexagonal 
carbide crystals from tempered martensite 
are suitably nucleated so as to disperse the 
graphite formed finely and uniformly is 


manganese 


and sul 
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Mechanical 
structures are shown, 


described given 
and comparative 


achining properties were 


properties are 
and 
tests with steel and mi 
also measured. 
investigation of heat treatments and 
mechanical properties of high strength steel 
castings J. W. Tyler and P. J. Ahearn (US 
Dept Commerce, Office of Tech Services, 
PK 131638, 1957, Aug., pp. 23) SAE 4340 
steel castings modified with 00-15%, V 
heat-treated to a strength level of 
vith a yield stress at 0-1 offset of 200000 psi 
High-Si steel with 0O-37°%C, 1-46%Mn, 
1:! Si, 1:3°,Ni and 0-31 Mo, to 290000 
and 215000 psi respectively These 
and in some 
10 ft/lb at 


ean be 
280000 psi 


were 
»btained with 2 in 


a Charpy \V 


section size 


Cast notch value of 


10°F wa 
High-alloy castings: Specifications and pro- 
perties 
Dec., 


»btamed 


Schoefer (Met. Prog., 
95-97) The properties and composition 
made fron and heat 
are often gro d under the 
tainless steel’. They contain Fe, Ni 
as main constitue and Mn, Si and 
the effect of all these ements on the 
alloys 1s discussed r.¢ 
Corrosion and heat resistant high-alloy 
castings (Met. Prog., 1958, 74, Dec., 96B-96« 
Metal progress data sheet 
ical COMposition range 
corrosion resistance, ty 
ther information are compiled 
High- -alloy castings: Selection of alloys for 
corrosion-resistant service W. T. Bryan (Met 
Prog., 1958, 74, Dee., 102-105) A guide is 
rit 1 the correct selection of an allo for 
istant The corrosive 
hould be studiec : for oxidizing 
characteristics, temperature 
contaminants. Fe-Cr alloys of 
Cr contents and the 18:8 stainless 
els with and without 2°5°;,,Mo are the main 
logge group of these 
1 


1958, 74, 


orrosion 


Standard design 
, Inechanl 
pical 


uses and 


service 


and 


of the iron-base 
Pinhole porosity in high-alloy steel castings 
R. J. Mangone, A. M. Hall, W. T. Bryan, and 
C. E. Sims (J. Metals, 1958, 10, Dec., 810-814) 
The mechanism of the formation of pinhole 
porosity in high-alloy steel green-sand castings 
with reference to the role played 

hydrogen, oxygen and 
effect of Se additions in 

Moulding casting 
techniques to minimize porosity are outlined 

Influences of the granulometric and minero- 
logical composition of foundry sands on their 
behaviour in use F. Hofmann. (Giesserei, 1959, 
46, Jan. 29, 49-54) Separate fractions of sands 
of different grain forms each bonded 
with 5% bentonite. The influence of grain size, 
distribution and composition in the properties 
of mould and core sands were investigated 

Contribution to the measurement of the 
‘region of trueness to mould’ of moulding 
sands F. Roll (Giesserei, 1959, 46, Jan. 29%, 
54-60) New testing equipment is described 
for the experimental determination of the 
trueness to mould’ of a moulding sand, and 
the relation of this property to the gas per 
meability and strength of the sand. 

Wood patternmaking for foundrymen 
designers, patternmakers (Mod. Castings, 1958, 
34, Dec., 29-35) The preparation of wood for 
patternmaking is described starting from the 
selection of the tree. Details of new tentative 
standard colours for painting new patterns 
are given.—A.G. 

‘A complete change of eg Holroyd 
& Hall Ltd, ad on radiord cinema for 
patternmaking ound, Trade J., 1958, 105, 
Dec. 11, 715-717) The conversion of the old 
‘Empress’ cinema—a long established land 
mark in Bradford—into a modern, well-lit 
patternmaking shop is described and illu- 
strated T.G 

Gating for production of high-duty iron 
castings L. Clarke (Brit. Found., 1958, 61, 
Dec., 607-613, discussion, 614-615) Spacing 
of patterns relative to box type, comfortable 
pouring and adequate weighting is discussed 
and bush types, slag traps and chaplets are 
considered. Design of varying sections is 
dealt with and also warping and escape of 
gases. Metal flow, turbulence and metal 
temperatures are reviewed and the removal of 


is discussed, 
bv water vapour, 
nitrogen, and the 


alleviating porosity and 


were 
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the running system, grinding and dressing and 
machining requirements are referred to. 

Suitable construction of moulding machine 
bins G. Bienwald (Giesserei, 1959, 46, Jan. 29, 
63-66) Improved design, the use of vibrators 
and internal coatings to minimise ‘scaffolding’ 
in moulding machine bins are described. 

Scientific problems in the technique of 
moulding materials K. Grochalski 
1959, 46, Jan. 29, 60-63) Subjects dealt with 
inelude: the physics—chemical significance of 
bonding power; the practical evaluation of 
theoretical findings; experiments on sand for 
the shell moulding process and on moulding 
sand, and boundary surface problems. 

The effect of heat on the t+ of com- 
pacted moulding materials J. L. !vans and 
J. White (Brit. Found., Ay $1, Dec., 615 
625) A study of the factors determining the 
development of the hot-strength peak in 
moulding mixes and the effect of this 
peak on the retained strengths on cooling was 
The peak js the point at which increased 
sintering is offset by liquid formation and 
softening of the bond with rise of t« mperature 
and is a property of the clay used. It deve 
only at slow rates of heating as appreciable 
time for sintering is needed. It is not found to 
be significant in hot tearing. Knock-out pro 
perties are partly conditioned by the peak 
temperature and the use of a more refractory 
clay with zircon sand is suggested. The hot 
strengths of CO,-process sands were found to 
be virtually zero 700°C but retained 
strength gh and or additions did 
little to ease 

Liquid synthetic resin, an economic core 
binder H. Berndt (Giesserei, 1959, 46, Jan. 29, 
66-69) The compositions, properties and mode 
of application of phenolic core binders, and the 
pitch as an additive are des 
antages of this tvpe of 








(Giesserei, 


sand 


made. 


lops 


above 
was hi ganic 


breakdown. 


use of phenolic 
cribed, and the ady 
binder are given 

The properties and testing of materials used 
in the CO, process 1). A. Taylor (B.CU.R.A. 
J. Res. Dev., 1958, 7, Dee., 401-435) Factors 
influencing the properties of moulds and cores 
produced by the { O, process 
studied at room and high temperatures. 
Economies can be obtained by diluting the 
CO, with air or using a proportion of re 
claimed sand. The effects of certain inorganic 
materials on the quartz-cristobalite conversion 
and the breakdown of cores after 
casting have been investigated.—-a.a. 

The effects of mould rigidity, moulding sand 
properties and pouring temperature on the 
soundness of unfed grey iron castings K. . L. 
Nicholas (B.1.C.R.A. . Res. Dev., 1958, 7, 
Dec., 446-475) The effect of factors influencing 
casting expansion on the soundness of flake 
and nodular graphite test casting 
studied, with particular reference to pouring 
tem perature.—A.G, 

Experience with experiments on the pro- 
duction of shaped chill castings (i. Schwarz 
and D. Junghans (Giessereitechnik, 1953, 5, 
Feb., 35-46) The experiments described 
aimed at extending the range of application of 
chill casting. Criteria are given for the selection 
of components suitable for the Chill 
construction for each example is described in 
detail.—..J.. 

Manufacture and use of centrifugal cast iron 
G. Engler Techn., 1958, 4, Oct., 
250-253). A review of the process with 
reference to the production of cylinder liners. 

On the nature of the expansion of iron 
castings occurring before contraction V. I’. 
Chernobrovkin (Fiz. Met. Metallov., 1957, 5, 
(3), 563-564) The initial expansion occurring 
when iron is poured into the mould (pre 
shrinkage expansion) is attributed (a) to the 
formation of an austenite-graphite eutectic, 
(b) to thermal expansion of the solidified shell 
of the casting, and (c) to the growth of graphite 
inclusions in this shell. 

Exudations due to mould defects J. Czike!l 
{Giessereitechnik, 1959, §, Feb., 47) An example 
is given to show that exudatic ns on castings 
can occur when the mould that a 
cavity forms in the skin.—-L.J.1 

Study on the fire crack of ingot mould cast 
iron Y. Maeda Tetsu to Hagane, 1958, 
Sept., 1004-1005) The length of the 


have been 


ease of 


has been 


process. 
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shown to be a 
carbon.— K.¥.J. 

Practical application of statistical control in 
a steel foundry (\/¢t. Constr. 1959, 
91, Jan., 19-26) The calculation and construct 


min. at 4°:2-4°3°) equivalent 


ecan., 


ion of quality control charts are described 
toge ther with thei application to the control 
of steel analysis in a foundry.—a.a. 

Air injection and extraction in foundries 
K ilsson and Y govin (Gresserei, 1958, 45, 


Nov. 6, 689-698) The authors describe modern 
air injection and extraction plants used in 
Swedish foundries. Technical details are 
discussed, in particular the planning of new 
plants, and costs for installation and running 
are quoted r.G. 

New way in the elimination of dust and fumes 
in the foundry Tf. Wrene 1958, 45, 
Nov. 6, 698-700) The author describes a novel 
ventilation system in which dust fume 
are extracted from the through 
openings in the floor. He lists a number of 
advantages in favour of this type of ventilation 
as compared with the conventional one. —1T.G 

New working methods in foundries no 
accidents H. Lorenz 1959, 
5, Feb., 53-54) experience at the 


(Gresseres 


and 


building 


Giessereitechnik, 


Operating 


VEB  Leichtmetallwerk Rackwitz (Eastern 
Germany) with the CO, method of making 
cores for moulds is reported Ld 


VACUUM METALLURGY 
Probiems of the use of vacua in metallurgy 
\ Va 


M. Samarin (Primenenie 
Vetallurgii, 1958, 3-13) This is an introductory 
Hleetion of 


assesses the 


uuma 


chapter to a co 
metallurgy. It 
acuum 


papers on vacuum 
extent and import 
methods in the USSR and 
ws important research work and 
practical trials and applications. 

Vacuum melting and heat treating. II. 
Vacuum heat treating (Rh. R. Giler (/nd. Heat 
1958, 25, Aug., 1516-1520, 1522, 1524, 1526, 


ance of 
briefly revie 





1670) Metal vapour pressure and degassing 
processes are considered and furnace design is 
then reviewed and examples are give - 

On the vacuum casting of steel. Com- 


parison of vacuum cast steel and air oe steel 
T. Asakuma (Tetsu to Hagane, 1958, 44, Sept. 

1034-1036) Ni-Cr-Mo stee« 
to H, content; the 
forging and 


Is are cor pared 
effects of heat treatme - 
casting conditions on ductility; 
and ultrasonic testing K.E.J. 

On the vacuum melting and casting of steel 
S. Mackawa (Tetsu to Hagane, 1958, 44, Sept., 
1036-1037) Comparisons are given between 
air- and vacuum-melted steels for vields of 
C, Si, Mn, P and S; gas in the ingots; non 
metallic inclusions and 
impact value K.E.J. 

Control of chemical elements and gases in 
steel in the vacuum melting process I’. Tanoue 
(Tetsu to Hagane, 1958, 44, Sept., 1032-1034). 

Study on vacuum melting of pure iron and 
Stainless steel. 1. On the crucible ingot structure 
and recovery of added elements I. Mori (7 etsu 
to Hagane, 1958, 44, Sept., 1040-1041). 

Ball-bearing steel made in a vacuum meiting 
furnace M. Ueno (7'etsu to Hagane, 1958, 44, 
Sept., 1104—1106).—x.e.J. 


grain s1ze; and Charpy 


HEAT-TREATMENT AND HEAT- 
TREATMENT FURNACES 


Electric furnaces F. S. Leigh (Jron Steel, 
1958, 31, Dec. 24, 643-646) Within the three 
main classes of resistance, induction and arc 
furnace there are many variations of design 
which are briefly considered, together with 
their applications. The relatively stable cost 
of electricity permits electric furnaces to 
complete favourably with fuel fired furnaces. 

Heat-treatment of metals in_ resistance 
furnaces, including resistance melting furnaces 


A. Grossmaver (Osterreich. Ing. Z., 1958, oe 
Sept., 394-400) The merits and superiority 
of electrically heated furnaces are stressed, 
in spi of the specific higher energy costs, for 





the heat-treatment of ferrous alloys. The 
various processes are treated individually. 
Studies on sub-zero treatment of steels. 1. 
Effect of sub-zero treatment on the mechanical 
properties of some tool steels H. Susukida 
(Tetsu to Hagane, 1958, 44, Sept., 1091-1093) 


Details of hardness and wear tests are given. 







Continuous heat treatment with automatic 
control K. ©’ Donoghue and L. G. W. Pale 


thorpe (Autom. Prog., 1958, 3, Sept., 326-328 
Oct., 371-373) Types of furnace are described 
and the progress in line hardening is re 
viewed. Control of progress, heating and 


outlined. 

Effect of heating rate in heat treatment. 11. 
Effect of heating rate on the properties of 
heat treated 13°..Cr stainless steel 1. Mori 
(Tetsu to Hagane, 1958, 44, Sept., 1126-1127) 
With rapid heating, the hardness falls at a 


quenching 1s then 


higher temp. than with slow, and the mini- 
mum is higher. Grain coarsening occurs at a 
higher temp., but reaches a higher maximum 


itt. The effect of heating rate on the heat 
treatment of steel sheets for galvanizing (1072 
1074) Graphs show the effects of slow he 
in producing an earlier fall in hardness, tensile 
ane ngth and 
€ long l 

High-temperature carburizing: possibility of 
short-cycle treatment (/ron Séee/, 1958, 31, 
Dec., 596) Steels that withstand grain 
growth at high temperatures, e.g. of the order 
of L100°C, may be carburized in # very short 
time. The r i by Ipsen Industries 


ating 


rain size an earlier rise in 





ration with incre 


can 


sults obtaine 


Inc. at Rockford, Ill, on a variety of steels, 
the compositions of which are listed, are 
presented as graphs. Times of ; 3h are sufhi 
lent for quate Case-hardening. I 


installation, maintenance -_ ote con- 
siderations for induction and dielectric heating 
Pr. Chesnut (/ndust. Heat., 1958, 25, Dec., 
2418—2428) The Fane id fe 


as well as their n 


f 





atures 





nance poet 
mduction and dielectric 
at high-fre 


sIten also in a vacuum 





pr ration 
are deseribed for 
heating equipment operating ¢ quency 
and high voltage and « 

Surface effects occurring during the heating 
and cooling of plain carbon steels M. J. Olney 
and G. C. Smith (JZS/, 1959, 193, Oct., 107 
116) {This issue 

Nitriding and its influence on ae heat- 
resistant alloys ©. Vollers (Wetalen, 1959, 14, 
Feb. 14, 41-2 In Dutch It is pointed out 
that nitro altogether an inert gas in 
that it ym with certam 
metals and alk 1 to it ilar 
form, e.g. hot ammonia gas. Information is 
given on tests conducte« 
sheet form containing Ni, Cr 
the pipe system of an ammonia plant 
they were subjected to a temperature of 
500°C for 1540 h. Some of the 
mirror polished and others were pre-treated to 
impart an extra protective oxide A 
table and graph appear in the text which 
indicate the f the tests. It seems that 
the presence of Cr promotes heat resistance 
and the samples containing in addition a high 
Ni percentage well. An interesting 
feature was that of stainless steels, two of the 
extra protective 
higher resistance 
ammonia gas than those that 
were mirror polished. Pure Ni did not behave 
particularly satisfactorily.— F.R.H. 

Annealing problems of hot rolled mild steel 
sheets for tin plate | Yano, K. Suzuki, J. Higo, 
H. Takahashi and S. Tanaka (Toyo Kohan, 
1952, Nov., 49-55) By heating the middle and 
lower parts of annealing boxes more strongly, 
using short flame burners, the temp. distri- 
bution in the pile of sheets is improved, the 
greatest difference being below 20°C 
good Erichsen values, sheets should be 
annealed at 840°C for 8 h or more. —kK.E.J. 

Automatic control of continuous annealing 
(Autom. Prog., 1958, 3, Dec., 462) A_ brief 
account of the Walsall steel mill 
installation. 

oe nickel affects high-speed tool steels 
R. Hehemann and A. R. Troiano (/ron 
y a 1958, 182, Dec. 25, 52-56) Annealing 
and hardening conditions for Ni-modified 
grades are Austenite retention, harden- 
d grain-size re produced 
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ton various alloys in 
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e placed in 
where 


samples were 
skin of 


results 


came out 


samples provided with an 
oxide skin showed a 
to attack by 


much 


To obtain 
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given 
duction can be 
and curves illustrating some 
and structures are shown. Conditions for cyclic 
treatment and repeated ter 
suggested 
New thermochemical techniques. 

annealing P. Galmiche (Met. Fiz. /., 


ing’ ar 
of these are given 
also 
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A resistometric study of the first stage of 
a 2 in 1 plain — steels H. W. K 

I ( [Si, , 193, Oct., | 
i - lt 1 i 

‘Study on heat-treatments of bearing steel. 1. 
Effect of quenching and tempering tempera- 
tures as well as austenitizing time upon hard- 
ness and compressive breaking strength |! 
Yamamoto (Tetsu to Hagane, 1958, 44, Sept., 
1107 1100 

Behaviour ot “ carbides in the quenching 
ena of high-speed steel K. I 


1958, 44, Sept., LOS7—1L0s9 
trines 
juenching. 1 
The ageing of low- carbon steel 
containing es: Pr. And ito H 
1958, 44, Sept >-1116) Q 


sheets 


! tude K.F 

Barrel turnaces boost stainless bar produc- 
tion (Steel, 1958, 143, Dec. 26, 64-66) A it 
tre t rit init i i ribed 


rre 
juiIpment z 


i ww 
considerations in oil 
Pasch Ut Se 


Thermal 
Ss Pins B : 
A IST, 1959, 193, Oct 6 


quenching 


Tempering type 410 stainless steel ‘ I 
1 P , 1958, h 


ss SU ] 
» in " bb 


he ae the i! : ( 

Study of a matrix austenite at room tempera- 
ture, and its decomposition on tempering, 
carried out in the steel Z180 C13. Part | 
A. Faure Wet. Corros. Ind., 1959, 34, Fel 
ZIsoO Cl t | 


} ted 


»_oSO) <1 mens of 


LOO -1 200°C, 


. Residual stresses in solid rolled wheels due 
to various kinds of heat treatments \. © 
a (i . Me., 1 . 10, J 


FORGING, oe DRAWING 
AND PRESSIN 


A, sag! Serge te at eee Somers Ltd 
» 1958, » Dee., $2 

attr ited ih int . 

Effect of forging on the transformation 
characteristics of large alloy steel products 
S. Onodera (Tetsu to Hagane, 1958, 44, Sept., 
1122-1123) The structures at various | 
tions in rotor ror see pe is-cast and as-forged 

ots are f il a K 1 UJ 

Theoretical analysis of we and bitet 

| 163-175 This i 

Spread and elongation in flat tool forging 

Fomlinson and J. D JISI, 1959, 
193, Oct., 157-162) [This issu 

Reduce manual handling to boost forging 
output H. Chase (/ron Age, 1958, 182, Dec. 1s, 
102-103) The advantages of mechanizing and 


Stringer 


Vibrations and their incidence in relation to 
the foundations of machinery and their 
installation \i. ©. | t (Me l f 
f nee, 1958, 11, » 44 i | 


Forming of forks and spoons and similar 
parts made of brass, nickel-silver, and chrom- 
ium-nickel steel in hydraulic, toggle, and screw 
qreenee and drop hammers |... | 
50, ! Ob 


nd 1Q54 


required f 


re aman | in the press room: Blank- 
ing of large pieces BF. Str 
31, Dee., 579-581) I 


Experimental investigation of pump drive 
without accumulators tor hydraulic presses 
\ ] 7 * } / > 

/ ‘) 141 \ tu { Ooo 


1 
Improving the punchability of silicon steel 
~ W i i j | ‘. Z " / j 


eer, TOD, 
Mo, 20, 


iter ‘ 
1 


‘The effective utilization of ‘e* 
. VE 1958, 35 
16) 1 


Minimizing waste in strip cutting 
OB \ 


4 A 


te the castation of tension in streten- form- 
ing a —? Strip | 1 W 
1958, 25, , 


Steel sheet for deep re rg a aspects 
of its production A 
Inst. Met., 1958, 3 
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Hot extruded ductile cast iron 


On hot-extruded steels manufactured by the 
Ugine-Sejournet process. |. On the properties 
of hot-extruded bars of medium carbon and 
Gr- Mo steels 

8, 44, 


Operational research studies in the songeng 
sadustry I 
Isl , 193, 


i 


ROLLING MILL PRACTICE 
eo" Studies on the hot working of 

steel. On deformation of roiling material in 

the voli pass assuming that the roll stand is a 

rigid — lr. H 

44,5 ’ 


I 


Effect of the number of passes on the spread 
and elongation of billets in hot rolling ! 
44, 


Comparisons of calculated and experimental 
values of rolling load ) 
f 1% 44 


Sling speeds roll changes s, 143, 


" ‘ 


Roller leveller adds precision to mill product 
ion (/ i 182, | i 
WW 


New universal slabbing anes at Abbey works 
/ 177, 


Bar mill extensions at Le Creusot (/ 
58, 206, D 8) A 


Two- in-one pase ups bar yield (/ 


) 
i 
’ 
ur 


j wl 1 
Pointing of 


rod Steel 
rolling? F. K r (St 


by milling or hot 
hl Eisen, 1959, 79 


October 1959 
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Mar 19, 332-337) Comparison was made 
between pointing of rods by milling and by hot 
rolling. The tests were carried out in four 
works. It was found that milling is a very 
much cheaper than hot rolling. A 
number of interesting points were raised in 
the discuss 

Het rolling with the planetary mill ©. J. 
jaker (Sheet Metal Ind., rg 35, Dec cs 
939 951) A review d discussion of a plane- 
tary hot mill inclu “0 a deta! ~ { deseription 
ily, the theory 
results of model tests 
of the plant. Ee 

are mentioned I 

The Brinsworth medium hot-strip mill of 
Steel, Peech and Tozer (Sheet Met. Ind., 1959, 
36, Feb., 101-115; Metallurgia, 1959, §9, Jan., 
3-9) Illustrated accounts of the new mull are 
presented New Brinsworth mill (/ron Steel, 
1959, 32, Jan., 13-17) The layout and opera 
tion are described of the new Steel, Peech and 
Tozer Brinsworth « strip plant 
Brinsworth strip mill Brit. Steel, 1959, 25, 
Jan., 14-17 An illustrated account of the 
equipment and performance of Steel, Peech 
and Tozer’s new continuous hot strip mill at 
Brinsworth The Brinsworth hot-strip mill 
Enauneer, 1958, 206, Dec. 19, 971~—973). 

The continuous wide strip mill at the Thyssen 
oo Duisburg (Mét. Constr. Mécan., 1959, 
91, Jan., 11-16). A description is given of the 
Thy: ssen mill which includes an automatically 
controlled cold strip mill currently producing 
20000 t a month.—a.oa. 

Experimental report on the relations between 
skin pass working conditions and skin pass 
elongation of tin plate base metal H. Matsu- 
naga, 8S. Oki, R. lwamoto and A. Tada (Toyo 
Kohan, 1954, 3, Dec., 16-31) Detailed results 
are given; they of the following 
variables which are effective in elongating the 


process 


of the stand and the roll assem 
of working, and mode of 


nomics of the 


mtinuous 


show values 


base metal: skin pass mill speed, front tension, 
working pressure on mill post, back tension, 
and thickness of plate K.E.J. 

Deductions from experimental rolling in a 
four-stand broad-strip cold-roiling mill H. G. 
Miller and W. Lueg (Stahl Eisen, 1959, 79, 
March 19, 325-331) The authors studied the 
effects of factors that lead to thickness 
fluctuations at the very high speed at which 
broad atmp is cold-rolled. Certain thickness 
fluctuations of the starting material cannot be 
eliminated, whereas others can. The 
factors involved and the 
control uts are described in detail r.G. 

The Piiger- step coid-rolling of tubes and its 
application as compared — cold-drawing 
O. Pawelski (Stahl Eisen, 1959, 79, Mar. 19, 
365-366) A brief historical review and an 
appraisal of the Pilger step-process are given. 
fhe author outlines the field of application 
of the Pilger process as opposed to drawing, 
and indicates the superiority of this rather 


various 


requirements on the 


new pr = 
A study on veduation and solid phase welding 
of ingot pipes by hot rolling I. Oda (7'etsu to 
Hagane 1958, 44, Sept., 987-988) Curves 
the draft required to reduce and to close 
pipes of d up to 25 mm in small ingots 
Results I given or tensile strength, for 
varying : of bonding K.E.J 
Power for hot- Strip rolling Elect. Times, 
1958, 134, Dee. 25, 973-974) The new Brins 
Electrical 
drives for the new Brinsworth 16 in. hot-strip 
mill of Steel, Peech and Tozer M. H. Jahn 
English Electric J., 1958, 14, Dee., 3-22 
— strip production (Klect. Rev 163, 
( , LIS7-1190) A review of the dr 
al equipment of the 


worth mull drives are described 


1958, 


Brinsworth 
mill 

Drive and control system for high-speed rod 
mill (Jron Steel, 1958, 31, Dec., 585-588) The 
electric drive and electronic co | 
of the combination rod mil consisting of 


25 roll 


systems 


tands and |! apacity 
of 450000 t—at the ¢ hoga works of the 
U nit« of Cleveland 
are described I 

Pianning the electric ayy a a tandem 
cold-strip mill H. Marx (Sta 1959, 
79, Mar. 19, 362-365) The oa or reviews the 
various methods recommended for the 
of the drives of cold-strip 


d States Steel Corpora 


Eisen, 


selec- 
tion and calculation 


tandem mills r.G 


On the thickness contro! of hot-rolied tin- 
plate by quality control charts S. Kunishige 
and K. Saeki (7'oyo Kohan, 1952, Nov., 56-60) 
By deciding standards for the weight of tin 
bar, amount of scrap in rolling, and length of 
finished pack, and standard deviations, the 
best mean value and minimum variation of 
the thickness of pack rolled 
determined 


sheets can 


from a statistical equation. 


Automatic gauge control is applied on new 
high-speed tandem tinplate mill A. I’. Kenyon 
(Iron Steel Eng., 1958, 35, Dee., 148 \ 
description of the gauge control system at the 
tinplate mill at the Ohio plant of Wheeling 
steel. 

Case histories on statistical 
quality contro! (regression and correlation) 
(AJ.S1. Contrib. Met. Steel, 1958, Jan., 
pp. 7¢ The subjects reported on are: cause 
of increased rejects or steel bars 
rolling mill, comparison of crew 
on a bar mill, test for effectivene 
hot OF ng yractice in the 


methods for 


| roduction 
) of travel for 
wall thicknesses o lded st« 
times é furnaces with e sar 
materials, ability of testing machines to rar 
deep-drawing properties o steel grades 
comparison of two rank correlations for assess- 
ment of steel ingot and surfaces, OH 
data, size of heat and tap-to-tap times, defect 
Al foil. 

Investigation of the surface defects observed 
after annealing of cold roiled strip steel, 
especially on the cause of white edged plate 

Kitamura (Toy Kohan, 1952, Nov 
18-27) The defects whi th lead to imperfect 
tinning, viz. carbon white edge and 

that white 
1ening. When the 
composition of the annealing gas is far re- 
moved from the equilibrium of 
producer gas, the strip 
carbon deposition may 


in coils of 


stain, are discussed. 
edge is merely a surface 
water gz and 
is etched and 
occur K.E.J. 

On f-ray continuous thickness gauging of 
steel Strip K. Takemoto and T. Fujii (Toyo 
Kohan, 1954, 3, Dec., 38-41) In a gauge of the 
ionization-chamber type, a compensating 
having a centre hole under the 
window of the chamber reduces the effect of 
variation of the gauge-specimen distance to 

1%, per 5 mm. The gauge is thus suitable 
for continuous measurement of running steel 
strip K.E.J 

Study of the flying micrometer T. Kinto and 
K. Ito (Toyo Kohan, 1952 Tov... 61-65 
The accuracy of the flying micrometer for 
measuring the thick d-rolled ce 
improved by using a te mperature compensator 
and by other means.—kK.E.J 

Ona pinhole detector K. 
Yamamoto (Toyo Kohan, 1954, 

32-37 \ detector for small pinholes in running 
steel strip, used before the flying shear line, 
contains a mercury lamp, cvlindrical lens and 
photomultiphers. A detected defective plate 
is automatically marked and rejected K.E.J 

Scale formation on hot-rolied sheet A. Lith 

irch. Eisenhiit., 1959, 30, Feb., 71-78) A 
new method of investigation has been de 
veloped in which the seale is detached with 
HBr filtered, and che geo analysed 
sulphate is used as oxidizing agent and 
»-phenanthroline as indicator in titration 

soteonl detects of semi-killed steel plates 

Gondo (Tetsu to Hagane, 1958, 44, Sept., 
Y8S3-985 The effects of order of ouring of 


surtace 


cover dise 


ness of oc ils is 


Takemoto 


ingots, larger cropping after bl wouring 
speed and pouring temp. on th depth of 
lefects are investigated.—kK.E.J. 

Determining the average rate of reduction in 
rolling along the length (longitudinal +e, 
with calculation of the effect of spread bi. I. 

Sharapin (Stal’, 1958, Rolling and tube produc 
sa aati Si 10 < F ( educ- 
as the atio ¢ chang 

I its height 
btained from 


height of the 
hy at the 


ompresst 
1oment, or is 
ry 
the forr ——, 
Ns 
cal component of the rate of motio if the 
contact surtace of the part lled objec t 
which is in the zone of the focus of deforma- 
tion. theoretical analysis is en and results 


» where vy 1s the verti- 


of the r 
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calculations are 
mental data.—L. H. 


from compared with experi- 


Longer life of sleeves of backing-up rolls 4 
cold- — mills M. M. Kobrin and K. 
Shishe a (Metallov. Obra. Met., 1958, (5 
43-48 besides spalling and fatigu 
brittle 


fracture, 
fracture may occur along a generating 
line of a shrink-fitted sleeve. These sleeve 
up to 200 em long with outside and inside 
diameters of 1600 and 800 mm respectively 
and are made of 9Kh steel with 0-85°,C and 
1-59 Cr, tempered at 400°C to 60-75 
Shore hardness. Delayed 
studied on notched g then 
for up to 240 h (some for 1800 h) and measur- 
ing ordinary tensile strength for those failing 
to break under this treatment. Specimens 
exhibiting brittleness showed delayed fracture. 
Surface hardening is suggested as a treatment 
for the heat treatment 
conditions can be found which retains ductility 
with high hardness and wear-resistance. 

A new billet assembly technique for con- 
tinuous billet milis E. J. Buckman (BHP 
Techn. Bull., 1958, 2, Oct., 7-9) A tec hnique 
has been developed for handling billets at the 
BHP Newcastle works, existing 
table, which permits faster rolling 
illet mill. 
with ‘double gating’ at 
ke estern 
A method of 
has raised the 


Ss are 


units 
fracture has been 
specimens by holdin 


sleeves unless suitable 


using an 
assembly 
rates from a continuous | 

Rebar output up 60‘ 
Oregon = mill H Jackson 
Vetalw., 1958, 16, Nov., 55-56) 
rolling two bars simultaneously 
output of 4-in to g-in. reinforcing bars fror 
240 to 400 t/h. The process is briefly described. 

The grooving of angles by the — - 
corresponding strips V. S. Smirnov, 
Pavlov, and A. Ya. Mochalov (St . a 
Rolling and tube production supplemen 147 
167) This method was worked o1 1950 
(V. S. Smirnov, K. N. Bogoyavlenskii, and 
N. N. Pavlov —Grooving of rolls by the 
method of corresponding strips. Metallurgizdat, 
1953): The method consists (a) in taking the 
linear measurements and the area of the cross 
section of the clean finished section in hot 
condition, and (b) in converting them into the 
so-called corresponding strip of a rectangular 
cross-section. The strip of grooved cross 
section, and the rectangular strip are said to be 
corresponding if their cross-sectional areas and 
corresponding sides of the 
equal. Calculations with examples are given 

Mechanized edging of rails \. 'y. Tr fimo 

(Metallurg, 1958, (8), 29-31) Edging of light 
12-5 m long rails by hand was a possibility, t 
inconvenient, but ype sone of heay y 25 m 
rails by achinery became a necessity. Edging 
at the Azovstal’ works has to be carried out at 
five points, and this requires three different 
designs f edging manipulators which are 
described and illustrated M. T. 

Results of rolling trials on a plate mill 
equipped with —_ drive O. Emicke and K 
Lucas (Neue Hii 1959, 4, Feb., 85-93) Ex 
perimental work carried out with a plate mill 
with a twin drive is described, which provided 
data for the calculation of roll pressure and 
torque. It was shown that the practical results 
obtained with a variety of stock, were 

ional to those d by the use 
iation. 


cross-section are 


r aerive 
elund eqt 
Recent development in sheet manufacture 

and some problems in connexion therewith % 

Fujiki (Tetsu to Hagane, 1958, 44, July, 795 

799) A review is made of recent installations of 

strip mills in various parts of the 

nd of their operating problems. Com- 
parisons are made between various processes 
of continuous electrolytic tinning; and the 

Ferrostan process is reviewed in detail.—xK. E. J 
The hot rolling of thick steel plates clad on 

one side with stainless steel M. Zidek and B. 

Glatz (Hutn. Listy, 1958, 13, (8), 679-687) To 

meet the increasing pre aie of the 

industry, clad plates must hs 
greater quantities. Compound in 
moulds with 


chemical 
produced in 
cast 
in square stainless steel inserts 
placed against one wall of the mould. The 
compound ingots are rolled into slabs in the 
blooming mill, from which clad sheets of the 
required dimensions are rolled by dressing the 
. ae ne process requires special heat treat- 
ent to obtain the necessary mechanical and 


yots are 


suriace 





physical properties of the materials, and to 
produce satisfactory pressure welding of the 
abutting where diffusion occurs. A 
thorough investigation was made of rolling 
temperatures and pressures of the compound 
material, and the calculation of the rolling 
ires of the compound materials from 
those of the two component s outlined. All 
of the process are descri by iin detail, as 
as control of dimensional tolerances 
m of the degrees of reduction 
mmponents of the compound products. The 
elationship of the last to the thick of the 
aterial and to soaking temperatures was 
lished. Finally a method of calculation 
ed for the optimum size 
ss steel for inclusion in the compound 
and of the compound slabs, in order to 
»btain the maximum utilization of the plating 
material M. 

Heavy armeer plate for ships requires special 
processing (Jnd. Heat., 1958, 25 2969 
In the process described a 111-t 45 in. 
thick is reduced to 21 in. by 
10 000-t press. The plate is the olled in ¢ 
160 in. plate r ill and annealed. The com! 
gir yield a high 


surfaces 


press 


and 


ulath of the 


ness 
i 


s of the slabs 
taink 


ingot, 


{ 


rolling is said to 
yualitv product. A. 

Lyd twisting operation ina continuous billet 
mill Ya. Brovman and R. 
Stal’, pe Rolling and tube p supple 
ment, 137-146) The 
90 or 45 


and 


. Shpig el'man 


twisting of strip through 
after each st 1 either by 
uides or by roller twist guides. 
deseribed which have been 


s of the 


tand Is ellect« 
el idal twist g 
kixperiments are 
indertaken for a theoretical analysi 
twisting, from the point of view of the per- 
nissible angle of twist and of the supple- 
mentary oo of power for twisting the 
strip.—L. 
Experience in rolling with minus tolerance 
S. V. Gubert, B. V. Merekin, and G. D. Feigin 
Stal’, 1959, (1), 54-58) Rolling with minus 
tolerances has just been put into effect at the 
Nizhne-Tagil plant, adopting a system based 
mn theoretical weights of the finished rolled 
product in relation to It is con- 
sidered necessary to introduce a bonus system 
in order to increase metal yield R. 8. 
New rolling mills in the USSR A. I. Tselikov, 
S. Rokotyan, and E. R. Shor (Vetallurg, 
959, (2), 21-25) Continuous wide strip mills 
are planned. A mill for sheet 1-5 to 8-10 mm 
thick appears to be most suitable for costs per 
t tapped. The best roll barrel length is 1700- 
2100 mm and output would be 250 t/h or 
5 10% ¢ year. The weight of equipment 
would be ~ 18 000 t rolling 15-5 t slabs at up 
these exceed the parameters of 
New tube mills and a planetary 
also outlined and details are given o 
tand for strip, a bar rolling mill and a 
s-roll stand for crankshafts and axles R. 
Effect of rolling ratio on distribution of sand 
marks of bearing steel. The study of non- 
metallic inclusions! M. Kawai and H. 
Kimura (Tetsu to Haganc, 1958, 44, June, 656 
660) The main source of sand marks 
non-metallic inclusions in the ingot. In high-( 
low-Cr bearing steel rods, the number of small 
0-1—0-4 mm) sand marks does not vary with 
Osition in the ingot. The number of larger 
igher at the t of the ingot. With 
sed rolling ratio, tl iber of larger 
and of smal marks de 
ond rr of 250, 


selling prices 


to 15 msec, 
existing mills. 
mill are 
a 20-roll s 


is from 


iarKs 18 ! 


increases 
eres at ratios of the sand 
marks disappear.—k. E. 
Elastic deformation of ‘rolls in cold rolling 
Ya. Brovman (Stal’, 1958, Rolling and tube 
] n supplement, 168-175) The elastic 
deformation distorts and increases the angle of 
bite. A method of calculating this distortion is 
explained. From experimental findings, it can 
duced that with an increase in the 
ic pressure on the rolls the increase in the 
f bite for example: for an 
specific pressure of 87 kg/mm* the 
increase of the length of are is 5-4/4°3 mm and 
for a pressure of 62 kg/mm?, 5-5/4-8 mm. 
An analysis of the trend of development of 
rolied tubes in Poland W. Dobrucki (Hutnik, 
1958, 25, (6), 195-201) Having made ‘An 
Analysis of the World Movement towards the 
Development of the Rolling of Tubes with 
Seams’ ((4-5), 156-164), the author now 
analyses the present production picture in 


is smaller, 


average 


Poland, indicates shortages, development re- 
quirements and production targets M. 7 
Welding of heavy electric motors of rolling 
mills during repairs N. S. Bazhanoyv (Svaro 
chnoe Proizvodstvo, 1958, (10), 35-37) Cras 
commutators and armatures sho  % 
up @8 s00n 48 apparent. 5 
requires very skilled opera 
repair work Can be carried out 
ping down motors. The article 
practi al methods ot making 
repair welds without dism 1 
Rebuilding a roller straightening machine 
M. A. Tylkin and B. B. Ososok (Stal’, 1959 
(1), 73-74) achine with a 
4 ft distance between rolls and used for cold 
straightening of 70 lb and 1LIO1t 
and also for piling section is described R.S 
Investigation of the variation in the dimen- 
sions and mechanical properties of grooved 
Steels in the straightening on the roller straight- 
ening machine M. P. Yarantsev (Stal’, 1958, 
Rolling and tube producti nm 8U f 
384) Experimental data obtain 
htening of bars of low-carh« 
the roller straightening machi: 
+t when the degree of straiz 
tively change in 
noticed as a rule, for example 
from 12 mm blanks to 10 mn 
ments. Hardness, breaking stré 
elongation and relative reduction of area are 
given before and after straightening. H. 
An accurate method of calculating the 
torque and bending moment) of straightening 
machines {for rolling milis)} A. A. Korolev 
Vestnik Mashin., 1958, 38, (10), 23-30) A 
thorough exposition of the theoretical basis for 
the accurate calculation of the torque and 
bending moment on multi-roller straig 
machines 1s given.—M. T. 
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teconstruction of ar 
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LUBRICATION 


Lubrication practice in German steelworks 
H. P. Jost (Iron Coal Trades Rev., 1958, 177, 
Dec. 5, 1347-1351) A report of a visit by 
British engineers. 

Conference on lubrication and wear (/nstitu- 
tion of Mechanical London, 1957, 
pp. 911) Definitions, symbols and units (1-5) A 
review of hydrodynamic lubrication with parti- 
cular reference to the conference papers |). G. 
Christopherson (9-15) Experiments on the flow 
in rotating annular clearances J. A. Cole (16 
19) High-speed ta! loaded bearings 7 
their development '!. J and A 
Newman (20-27) Bearin rr marine turbines 
are considered Energy and Reynolds considera- 
tions in thrust-bearing analysis 8. Sternlicht 
28-38) Finite gas-lubricated journal bearing 
J.S. Ausman (39-45) Effect of wettability of 
a lubricant on journal bearing mW 
W. E. ¢ ampbell, K. Pilarezyk, and C. A app 
16-52) Surface deformations in the aaa 
dynamic slider-bearing problem and their effect 
on the pressure development F. Osterle and 
). Saibel (53-57) Stepped thrust bearings ©. F. 

61-63) A theory of rheo- 
dynamic lubrication for a Maxwell liquid A. A. 
Milne (66-71) Re-examination of the stepped 
thrust bearing P. B. Neal (72-81) Predicting 
sleeve-bearing performance |). F. Wilcock (82 
92) Investigation of cavitation in lubricating 
films supporting smali loads 1). Dowson (93 
99) Dynamically loaded journal bearings of 
finite length H. W. Hahn (100-110) An Experi- 
mental investigation of temperature effects in 
journal bearings J. A. Cole (111-117) A 
method of cos plain leurnel bearings for 
steady loads A. Burke and M Neale (118 

22) High- sean journal coians M. J. Neale 
and P. P. Love (123-127) Gas turbines and 
turbo-blowers are considered. A special test 
head and gearbox for testing is described. An 
experimental comparison between three types 
of heavy duty thrust bearing 1). de Guerin and 
. F. Hall (128-134) Loads up to 100 t at 
speeds of up to 3000 rpm were considered 
Temperature distribution within tubricating 
films between parallel bearing surfaces and its 
effect on the pressures developed ©. ©. Zienkie- 
wicz (135-141) Some characteristics of conven- 
tional tilting-pad thrust bearings 1D). de Guerin 
and L. F. Hall (142-146) Visual study of film 
extent in dynamically loaded complete journal 


Unquneers, 


srown 
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bearings J A. Cole and C. J. Hughes (147-150 
ot bushes in ultra-violet 

. Mechanism of lubrication in porous metal 
seasians V. T. Morgan and A. 
157 Experimental euctesiion of power loss 
in high-speed plain thrust bearings J. A. Cole 
158-165) Observations m the performance of 
air-lubricated bearings J. A. Cole and J. Kerr 
164-170) On grease lubrication of a slider 
bearing A. A. Milne (173-175) New funda- 
mental testing methods applied to lubricants; 
measurement of mechanical —— in con- 
tinuous flow A. Jobling and J Roberts 
176-178) Journal bearing instability B. L 


179-185) This 1s a re 


radiation were 


Cameron (157 


sper 
can 
stability 


calculat 


and proce 


riteria tor ir lit 
culating oul film elastiecit are propos 
addendur later paper included in the 
review. Film extent and ‘whirl in complete 
journal bearings J. A. Cole (186-190) Vibra- 
tions in journal bearings: Preliminary observa- 
tions A. Cameron and P. J. B.S n (161 
197) Marginal and partial hydrodynamic lubri- 
cation with particular reference to the confer- 
ence papers H. Blok (198-204) The 
particularly reviewed are: the initial geometry 
of the rubbing surtaces in theu 


_ ibjects 


inloaded state; 
micro-geometry (or roughness) is included; t 

rever ble rit res il ire ymetry oct 
and the irr 


urring in 
deformation 

inning-in and wear; and the 

ts to the conditions to 

v h they are subjected is the lubricating 
film. Some scuffing experiments in a disc 
machine A. W. Crook and B. A. Shotter (205 
209) En28, En26 V12, Er 3 a 0-3% 
and a 0°4°%C stee were t ee unaly 
hardne sSO5 rive ny y an UNnNUSUAI 


es and 


form of wear in using a turbine 


oul whose properties are give The results with 
various pairs of these steel tabulated and 
discussed. The detritus formed is briefly de 
seribed and the f usm of scuffin 
discussed and that 
function of the materi an ie surtace 
and independent of the hydro 
behaviour. The onditions 
were reproduced and shown to be pitting 
surfaces already strained by s ufling \r 
of surface t« va ae mnstrate 
A study of bearings ‘under tailure ‘conditions 
r. W. F. Brown and A. D. Newman (210-213 
A new bearing design was evolved from these 
tests for rine turbine The viscosity- 
aa dependence of some organic liquids 
W M Boelhouwer and L. H I eman 
314 218) The foil bearing B. J. Pate! and A 
Cameron (219-223) The importance of surface 
finish, loaded area conformity and operating 
temperature in small end plain bearings for 
high duty two stroke engines I). A. Blount and 
D. de Guerin (224-229) A review of boundary 
lubrication with particular reference to the 
conference papers ©. Kb. Davies (319-325) The 
importance of oil-metal adhesion in lubrication 
E. J. Clayfield, J. B. Matthews, and 17 7; 
Whittam (326-332) Spreading pressures 
on stainles eel were mir red and the « 
of 
observe dad es influ ce preadit 
sure It I clear whe apr 
Seepage work of adhesion that prevents 
contact i liding. Investigation of boundary 
lubrication in kinetic — by means of a 
wire tribometer V. P. Lazarev and B. V. 
Derjaguin 341-347 A device ang long 
contact region is describe an ‘ | with 
On the influence 
of grease structure on boundary conriennee 
A. A. Milne and W. L. Cooke (355-358) The 
lubrication of fluid seals D. F. Denny (392 395) 
Study of design criteria for porous metal bear- 
ings V. T. Morgan (405-408) A review of the 
papers on the lubrication of rolling bearings and 
gears L. F. Hall (425-429) Recent advances in 
grease lubrication of ball bearings 1°. Kk. Booser 
(430-437) Current development problems in 
high temperature aircraft rolier bearings ©. ‘ 


wear 


rious lubricants are given 
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M re al r. LA $43) \ i melt 
ate! | el 
Observations on the movement and ‘ttrustere of 
grease in rolier- ee A. A. Milne 
and H ‘Ml ‘ 0-453 t 
‘ iatinenen ot load and ‘motion 
on the lubrication and wear of rolling bearings 
154 458) Testing of 
marine main- propulsion- gear lubricants in disc 
machines Ii. J 1 (469-476) Test 
twenty ten t ri is arcirie i i 
tior r 1 out A review of the papers 
on 1c engine lubrication. Miscellaneous iubri- 
cants and applications and additives J. « 
Vithers (495 497) Lubrication in wire drawing 


‘ , 
sa ich 05-OLL) They al t 


1). Scot 
B. Snar 


ati I condi 


ar € ‘i iit ! ret 
Flow ——— ot lubricating grease |) 
Su s t iv 4 


t ‘Sulphur a as an extreme § pressure lubricant 
K 14-538 

' t The Shelli four- ball 
EP lubricant tester: Methods of use and 
precision in the determination of the = pro- 
perties of lubricants J. It. Huy ps2 


Automatic arc- ane of aay boiler or 
enter meiten — a. 3 


(9 2 i ( i i 


Some examples of the economic utnenten of 
olectre- “slag recone ee / , 1958, 
as 

Welding of Alloy steels at the Lenin works in 
Pilsen Vv. Pil 158, 7, (9-10), 


In Can The t gy d ped 


ti power ta i ‘ I t 
_ External characteristics of the current source 
in welding under a carbon dioxide shield \. (|: 
Ma ‘ Is kK Ihr "» My 
i vistvo, 1957 8S), 31-34) ¢ 

Welding cast ag cms for nuciear- power 
applications \\. li » Sts 


Ler 71 7s \r it i? 


at 


A new ‘method of “rivet welding’ usin g coated 


electrodes 


19, 


Welding low- ine steel castings tor high- 


( 


$s 


} 


pressure one high- ee service | 


( 


{ 


The welding of some nonterrous and ferrous 
tubes to tube sheets R : 


; 37, 


\ 


WELDING AND FLAME CUTTING pega emp ce ar | t mpis 158, 37, Nov., 1- 1080 
Rr ey research in the United Kingdom } 


Aa i t Fr . 
1958, 21, ” » 62-66) J _ Automatic galt slag welding machines 
rit \ 158, 7, (QL 70-274 
:. ~ 
F al tr er j ed } t VW li 
_ Casting and ‘aoe M ra } n Research J 


198, a, 14 1¥ i 


tit 


enentin Ges gas- -shielded welding gr 
—s 400 
eld a) 37, N . 3% a I 


Steel shapes and sections used in river ships, 
and the welding of steel reinforcements to the 
i bottom cover sheet O. lzdur 

Determination of arc-welding costs- Ci pe 8) fin § : 

} 8. Kerr (¢ 
21, Dec., 42-46) TI , ¢ . 

LC welding _ its really cool |; 
: | t ; 


nid 


Diftusion welding 


Properties and the welding of Czechoslovak 
Ferritic-pearlitic turbine steels for use at the 
highest steam temperatures | Sicha, K 
p 


ra, and V. Fold , Sbornik, 1958 


Developments in the i inert-gas tungsten- arc 
) , Sunes a process I 


a ng, C1 ] | i ro} t I 4 mM) TT 


ir 


Welding alloy steels under bonded fluxes 
H. ¢ ( iv ( oo i Pan 

On pon neatiag temperatures in n welding heat- 1958, 37, N OS] | i led Welding of galvanized steels |. | 
ere. steels KK. Mr ged a in i apn rallye 1958, 37, 
: Ins kiB : ae a i CR : i Caceael ‘ 519 t 
I 
aie Pure austenitic welding joints resistant to hot 
cracks pe ean pve B. I lovar | t t 


li Pv ft 1 i a Zr, [Ps t Local heat treatment of joints welded ae 4 the 
a li in th t I | 1 trat f electric slag process \ H. N 
“Shielded arc welding under carbon dioxide na ¢ parts the ut t resistar Putoy, I. W 8 
LD » 1958, 7, was cet t t 9D, (8), 0S 
i4 Ir , I t ! ! 


Electric slag welding of 20GS steel \. \ the 1 t rt teels t - ; : 
S } i f 0), New ae source Qreasens use for CO —_ 
4 ! Special features of welding the first layer of ing H. J 
butt welds on gas turbine rotors V.A rg (Iron Age, 1958 
S j58, (10), 2 6 \ mic tor 
On 


182, \ 


The welded steel tube |! 


1a 
J 


ght 
t 


} for ' { t t V led tr 31d 
Submerged arc welding | | ’ On the possibility of using technically pure i 
n., 1958, 7, (1 . 4 roat argon tor welding stainless steels with con- veld 
I f thod “pt t, sumable electrodes \. I. A Loca! heat treatment of butt — to release 
i ( tr nd Eastern Europe, Pa | ive residual stresses V.E.N 
USA and USSR Tests carried ou ti the } ibi ‘ 1958, 11, (7), BS) A 
Automatic war «r arc c welding \ iba is tect lly pur rgon for a welding gation was mace 


Z 1958, 7, (9 , I I is-st 
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The weldability of converter steel melted with 
the use of oxygen A. 


| 


The mechanical properties and weldability of 
vacuum treated Bessemer steel .\. 1. ks 
Kod S / 


lron- nickel electrodes for cold —vT of 
en strength and grey, iron I \ 
1OV, aT 1 J M nskii (S 


Electrodes ae! welding heat- tue > chrom- 
ium Steet v.¥ . 3 


/ 5S 


Electrodes for welding austenitic heat-resist- 
ing tube steel 1Kh18N12T | 


tr t 4 | 
A brief survey of investigations carried out 
by the French Weiding Institute on welding 
with aig penetration electrodes A. (in 
» 1958, 7, (1-2), 1-4) [I 


" Gakiag of coated arc welding electrodes | in 
gas fired oven (/ H , 1958, 25 


IS0U5-1L808, ISI16) I 


The seating layer of high- eee iron 
with powder electrode wire Le 


iy 


Iron powder in welding electrodes |. | 
rg and D. L. Mathias (/ ilet by H 


173, n, 1958 


t} 
i 


New fluxes for arc welding kx 
na BE. FB. a ’ 


1G58, (10 


t 
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ABSTRACTS 


Fundamental steel metallurgy applied to 
welding |. |; 15s, 21, 


Metallurgical teatures of welds on austenitic 
acid resisting steels with 23°, chromium and 
23 28 nickel | 


notch toughness-! 


Weldability and 
\ 21, 


A comparative study of the peyrway of 
steels used in | power _— 
7, 


t 


The influence of nitrogen on the liberation of 
yn Guring eryttamnennee of the weid pool 


tH h cau 


Special features of intergranular segregation 
of ~— and phosphorus in welded Par 
158, 11, 


4 i 


The fusion and transfer of the (electrode 
metal during CO, arc welding with a thin 
electrode wire A. G. Potay y lot 
, 19 11, 7), 52-59) A 


f th} 
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196 ABSTRACTS 


electrode yution 


arc gap, 


of energy in the 
ice of the 
ion and transfer 





individual 


welding parameter 

if the electrode metal. It was established that 
90-1-98-7 f the energy is expended m 
igniting the ar Transfer of the metal causes 


uiting of the arc gap and 1s sub- 
stantially dependent on the dyne 
teristics of the of current. 


mic charac- 


pattering is 





source 


substantially dependent on the welding para- 
meters and the dynamic characteristics of the 
source of current M. T. 


Photo-electric control of the level of heating 


of the metal during seam welding A. A. Trush 
chenko and O. V. Sukhov ivtom. Svarka, 
1958, (7), 44-47) The results are given of 


successful experiments in the use of a photo- 
lectric pyrometer for continuous determina- 
tion of the temperature of the metal close to 
the point of contact between the electrodes and 
the components to be welded. A relationship 
was established between the termpera- 
ture of the welded joint and the 
the centre of the individual spot 
factory welds we 


surtace 
dimensions o 

While satis 
sre obtained with water cooling 
of the wheels when the surface of the joint was 


heated to 840-940°C, the strength of joints 
made without cooling of the wheels was about 
0 greater than those mad vith water 


cooling \ photoelectric eter may be 
used as the mes ing element for continuous 
automatic control of the 
Mechanical properties of joints in acid resist- 
ing Kh 17 (17",, Gr) steel, obtained by CO, arc 
welding with an austenitic steel electrode N 


Kakhovsky ivtom. Svarka, 1958, 11, (9), 37 


pyron 






welding conditions. 


39) The article gives a series of data on the 
sults of tests of the mechanic al pr yperties of 
this ateel at temperatures up to 800°C and of 


which had the 
position and mechani- 





the welded joints « 
necessary chemical com 
cal properties to meet the demands of the 
normal applications of this steel.-—M. T. 


The primary pa en ay of the weid metal 
after fusion in welding M. I. Razikov (Atom. 
Svarka, 1958, (9), 60 i In the welding of 
steels the fused austenite grains of the base 
lined by growing « il 
cabal. and therefore the 
1etal seams depends to a large 
grains in the base metal 
along the line of fusion at the moment of the 
growth of the ndrites. The most effective 
methods of reducing the dimensions of the 
dendrites in the weld metal are those 
minimum »wth of grains in the base metal. 

The ont strength of the metal of the heat- 
affected zone of weided joints in high-chrome 
steel B. A. Rabotnov (Avtom. 1958, 11, 


metal are nar dendrites 
from the weld n 


size of the weld m 


prain 


extent on the size of 


ensuring 


Svarka, 





9), 20-23) Results are given of tests of the 
impact strength of various portions of the heat- 
affected zones in welded joints in 13 Cr 
steels. It is shown that the most brittle por- 


<i zone le at a distance 
boundary of the 


tions ft the heat-affect 
of 1 s} mr from the 
zone M 

The influence of some technological and 
structural tactors on the strength of welded 
joints of high- strength structural steels ©. L. 
Bendryshev (Metallov. Obra. Me 1958, (11 
51-56) The joints were tested for comparative 


fusion 





resistance to bending and fat both 
smooth and for corrugated su € for the 
influence of normal pressures on contact sur 
faces, their strength, the influence of different 
types of corrugation, grooving, ete. and of 
eycheal load 


On the properties of welded joints in Kh18- 
N12M3T austenitic steel on its resistance to 
acids G. A. Ukolov (Avtom. Svarka, 1957, (2 
46—49) 0-5-0-65 Niobium is added to in- 
tance to in stalin orrosion, 
Special electrodes of type NZh-13 have 
evolved for these welds which ensure the 
alloving of the weld metal with Nb thus im- 
parting anticorrosion 
properties 

Metallurgy of electric resistance welded steel 
pipe J.G Parr (Can. Min. Met. Bull., 1958, §1, 
Oct., 624-629) Effects of mill variables on 
weld structure are investigated and the metal- 
lographic structures as affected by heat input, 
mill speed, pipe contour, edge condition and 
steel defects are illustrated and discussed. 


crease resi 


tercry 


been 


good mechanical and 


Anticorrosion properties in oxidizing solu- 
tions of stainless steel welds 3. I. Medovar, 
N. A. Lanyer, and M. N. Kurteno. {vtom. 
Svarka, 1957, (2), 57-60) The chemical com 


positions of suitable wire electrodes for each 


type of steel are listed as well as the specific 
loss in weight in g/m*/h in various concentra- 
tions of HNO, and HNO, K,Cr,0O,. 


Welded ship construction — records of com- 
mon ee and their causes H. Kh. Gibbs and 
G. M. Boyd (Trans. Inst. Enq. Si Scotland, 
1957-1958, 101, 282-316) Lloyds’ register 
classification system for fracture is described 





and cases of failure are 
examples of the use 
The formation of inhomogeneities in the weld 
fusion zone on heating to 500-700°C L. 8S. 
Livshits and 8. I. Panich (Svarochnoe Proiz- 
vodstvo, 1958, (4), 22-25 1. The heating of 
welded joints under working conditions to 
temperatures within the range of 500—-700°C 
lead to the migration of 
part of a welded joint to 


torn 


various given as 


ot such records. 


carbon from one 
another and the 
on of marked chemical and structural 
inhomogeneity in respect of 


may 





earbon in the 


fusion zone. 2. The migration of carbon during 
heating within the temperature range indi- 
cated is governed by the presence in one part 


of the welded joi 
bined into carbides) of an 
forming more stable carbides than those 
elements which are contained in another part 
of the welded joint. Migration of carbon may 
even occur where both parts of the welded 
joint contain identical alloying elements, but 
where in one part 


nt ol excess atoms (not corm- 


element capable of 


there 1s an excess of free 





atoms of a carbide-forming element, and in the 
other an excess of free carbon atoms. 3 
ethod of calculation is propounded for 
determining the possible formation of inho 
geneity in respect of carbon in the weld fusior 


to the 
ing elements 


zone in relationshiy 
of the alle 


content (atomic ) 
the weld n 





the parent metal. 4. When the formation of 
earbon inl ogeneity occurs in the fusion 
zone of welde oints after prolor d heating 
at 500-700°C, it is recommended that such 


joints should be subjected to post-weld heat 
treatment up to 950°C, which will lead to the 
equalizatio ntration of 

and the elimination of the existing 
geneities 
from a study of carbon n 
periments for up to Ll0Oh 
steels M 

On brazing with Cu- ieee - alloy P. Slysko 
Zvaranie, 1958, 7, (8), 245-248) [In Slovak 





carbon 
ir } omo 
drawn 
during ex 


yn low-alloy 


—— 


700" 


’ 
rraphie study r phases present in 


ous metals and low 





earbon 
ised, sh tl pelter to be nutable for 
non-ferrous brazing. Owing to the formation of 
brittle phases the spelter is not recommended 
for steels: it canmn 
silver solders P. + 

Metallurgy of bonding in brazed joints. 
Part |. Base metal — filler metal interaction ex- 
cluding compound formation N. Bredzs and 
H. Schwartzbart (Weld. J., 1958, 37, Nov., 


t therefore be i to replace 


$93s-—4908 Tt f t t brazing t mperature, 
filler metal comp tion and carbon content of 
the base metal on the solution of the steel base 
netal ha been investigated together with 
the vlidification characteristics of the filler 


metal layer nN 
Crack formation in Sane senrenet steel 
with L62 brass A. I. Gu ushin., 


1958, (12), 58-61 ipiron i rcemamceaal 


results has shown that the strength of the steel 
was reduced equally by the different fluxes 





reduction varied between 
fracture f specimens 

< The 
and nickel 3-5 
he effect of molton 
rth of steel. Under com- 
no appreciable 
brass into steel is observed. Under tensile 
er, the diffusior process along the 

grain boun s accelerated all 
along the co ace. This may explain 
the formation of surface 
Bonding steel with plastic adhesives K. 
Mohler (VDIZ, 1959, 101, Jan., 1-8) An 


account is given of the construction and 


waist 





brass on the stren 
pression only, 


stress, howe 





microcracks. 
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penetration of 


behaviour in service of an experimental bridge 
supporting pipes and carrying foot passenyers, 
which was tabricated by bonding the struc 
tural members with plastic adhesives. The 
results of tests show that much higher bond 
ing strengths are Dbtaimable with cold-curimng 


atic cements 
_Oxy- oo outing torch works fast, Soaee 





cost W. Cz 1958, 182, 

66-67) ‘ calle and reliable torch f oxygen 
petrol cutting 1s said t have been ae loped 
rhe advantages of this method of cutting ar 
listed A. G 


Automatic line tracing in a —_ 
cutting machines A. F. Chouinar i 
Mc Donal ling J., 1058, 37, Oct., 988 
YY0 The : econo ym ot 


ies, design and 





an electroni vstemm which has been developed 
r the automati ann of ordinary pattern 
drawings in an oxygen pre cutting machine 





Flame cutting and jigging for a read 
power qn J. W. Gethin (Brit. Wel 





1958, 5, Sept., 400-407) The author discusse 
the many bierms particular racy Oo 
fit and the preparatior i 3 for ib 
sequent w ng — involved in the d and f 

ga eutti int a i ji u july t re 
juired in manufactur nu ar powe! 





MACHINING AND MACHINABILITY 
_ Metal cutting: A research problem \W. | 








Trans. Eng. Inst. Canac ia, 1968, 2, De 
149 152) Previously put hed for lations of 
the cutting process are r ewed and mpared 
with actual 1 wure! I ppr t i 
. jel is g rt nut ale «¢ 
tl f 3 stressed 
stability of we ere of —_ cutting M. I 
i \ n., 
1058 ; Tr} 1} t f+ I ‘ 
meta t I t th j } 
tior which should 8 it tl e! 
ol t yt tl me u t ld t la i 
th ot t to | mac 1. N ne 
tist t theor Kist t | t hict 
x} I brat pher A i th 
whini pr Phe | i of t plasti 
leforr metal wher hiy r i 
~ it or Sixt i tl pes f 1. but it 
mat time reater than the 1 i tting 
peed. Tl ithor assumes that the pr of 
etal lefor it f ' 10us 
character, On tl} basi fh hv} s he 
cor i ar 1 i 8 za i t 1} 
Issil er witt n t r 
tir 1 Dift ntia I i 
4 it hut re der 1. Ty ~~ ¢ , 
tl retica siderations, test r arried 
ut i i lathe with a { 
t | holder of ariable rigidit H ra 
t I \ r orded | the ropr t eC 
tronic ¢ lly i and ar r Cuttir 
speed st 45) varied a roximate fr 
30 to 56 m/min. The author cor to t 
clusion that the theory pror 2.4 hir 
satisfactorily explains the main exper! ntal 
vibration phenomena bserved luring the 


machining of metals . 
Relation between the cutting force and the 
Strength of grey cast iron S. S. Nekrasov 


Vestnik Masi 1956, (4) 59-62) No plastic 
deformation ¢ I inder t micro- 
scope in secti ror Phis agrees 
entirely with that for brittle 





materials the r 
ce 18 in direct ratio to th iltimate com- 
< rength. 
lucidate this prop 
tabulated re 
actual and cale 
hypothesis.—L. H. 
The study of chip formation: The problem of 
plastic deformation as deduced from the theory 
of ae chip removal G. Carro-Cao 
(Microtechnic, | 958, 12, Dec., 331-337) Work 
at Pisa is described. The three-zone theory of 
Lee is experime ntally confirmed and the 
adequacy of present methods for force determi 
nation for practical use is shown. The effects of 
tool changing time are noted. 

More knowledge of cutting-tool geometry 
needed S. W. Lovejoy (Canad. Metalw., 1958, 
21, July, 8-11) The author explains the funda- 
mentals of cutting and cutting-tool design, as 


ain component of the cutting 





Experiments carried out 
sition are described and the 
mn of the 


niirm the 


sults, used for a compar 
ulated values, co 











the methods of using cutting 
stantly With the 
factor has 


changing. 
new materials this 
important.— 7. « 
New yo of lathe cutting tools (:. 
Stanki Ins 9 
of cutting oe have been tested. Thes 
evolved in order to increase stability 


1959, (2 29-30) Speci 


tion. Some new shapes are recomumne 
lathes, subject to tests 
industrial scale. 
Tool-up for high- apne — WW 
McIntosh (Canad. Meta ‘ 158, 21, June 
23) Recommendations are bn for the usefu 
fields of application of cerar tools, at the 
same time pointing out applications where 
these very brittle materials must lead to failure 
and disappointment. However, ceramic tools 
give —correctly used — the highest e1 
speeds, approximately twice th 
with cemented carbides r.G 
Efficiency of cutters with A alloy biades 
working with steel 65G A. Parizhskii 
Vestnik Mashin., 1958, (9), “2 48) This ste 
mntains an increased percentage of mar 
and is much used in agricultural machinery. 
rhe cutting blade ere mad t different 
types of hard or senleg and the results show that 
this steel has a very low machinabilit 


approx 


iniversal 


itting 
» obtainable 


ximately half that of steel type 45 i. a 
Selecting a criterion for the wear ° et 
tools in precision turning A. P br 

(Vestnik Mashin., 1958, (12), 52 The 
wear only is patos red in fine precisior 
ing, 1.€ 
of the 
it has been 


edie 
1 turn 
in the direction normal to tl 
work-piece. From tests with tool steels 
established that curve for racial 
wear plotted against the length 1 
are almost linear, whilst curves 
the rear plotted again 
lengths are irregular. 
Cutting manganese steel G12 in the heated 
state V. G. Lynbimov (Stanki Inst., 1958, 29, 
27-29) The effect of heating the austenitic 
Mn steel G12 to temperatures u 
cutting rates ls examined. 
Remarks regarding the causes of fissures 
during grinding and methods to detect them: I! 
H. Schwartz (Met. Constr. Masir 
669-674 we Rumanian] The followir 
“d the main causes « 
igh « ‘omplet« i 
great amount ¢ 
metal during grinding, 
odification of macro- and 


surtace 


surface 


to 600°C on 


1958, 
are cons id 

mation, sith t 
by the 


stone and 


f fissure fo 


of heat genera 


a) deterioration of the grindin 
contact surface between stone 

of operation, (d) the ratio 
speed of the stone and the 


profil 


time 
abras 
abrasive 
bet weer e part and 
ols and machine 
ean be detec 
etching, with 
and by immersion 
penetrating fluorescent 


f with 

ad 80 on 
The effect of oil emulsions on the cutting 

ee of tools A. Bulat and R. Sniechowsk: 

(Prace Inst. Mechaniki, 1955, 5, (15), 

ffects of some oul emulsions on the 

properties of tools in turning, boring, milling 

and grinding operations are described. The 

effect of the concentration of the oil (2-5 

25 and the underlying 


liquids, an 


56-66) 


cutting 


is examined 

Are you getting the most from your form 

milling cutters C. Sharp (Jron Age, 1958, 182, 

15), Oct. 9, 88-89) In milling, a heavier feed 
may both shorten time and in 
crease cutter life. Advantayes may also accrue 
from the use of fewer teeth or by adopting a 
climb milling technique A. G. 

Cutting-fluid action and the wear of cutting 
tools M. kb. Merchant (Institution of Mechanical 
Engineers, Conference on Lubrication and Wear, 
London, 1957, 566-573) Heat control by the 
cooling effect of the fluid and by the reduction 
of friction is shown to be the main factor in the 
reduction of tool wear. The friction is reduced 
by chemical action on the newly formed, 
highly strained chip surface. Besides the 
agreement with calculation, direct detection of 
the reaction products and catalytic effects on 
chemical reactions by the cutting process are 
evidence of this. The radioactive tool test 


economy 


machining 


aiuated and its 
nfiirmed, 
“eee wear on cutting tools 7 
669) Modes of wear of carbi 
ind thermoelectric 


Ox 


Applications of ceramic cutting materials and 
causes of ag “4 hard metal tools H. Opitz 
Vicrotecr , 12, Oct., 267 RN) A re Ww 
of the development, yperties ne ise of 

y material ; 

Machinability of hardened cast iron cutters 
with blades of VK2 and TsM332 \V. A. Kacher 
Stanka Inst., 1¥58, 7 26-27 Data are 4 
tor cutting peed oft biades made from the 
alloys VK2 and 1 
discussed 

The use of carbon dioxide for increasing the 
life of cutting tools “ A. 1. Isaev and N. I. Tas 
litskii (Vestnik M 1955, , 42-48 


Experi 


3M332, and the results are 


‘ntal data 
the cutting zone ows an increa 
ting i 


With an 
the efficiency F CO, 
increase in the 10 
the use of the ge but 
surface th {ga o be iner 
Machinabi ity of stainless steel 
mstyukoy . fjaev, and V. N 


Foek j Ma 1956, (1), 


madition ot 1@ V ced surtace, and trom the 
sults obtained the author constru 

rom which the conditions of th 
selected for any given requirement I 
The reaming of precision wr. G 

Andreev ( Vestnih 


Phe expe 


Vashin., 1956 
Khi4n 


rimental m 


it 0 iu mm H 
“Tool steel failures: Cause and remedy 
M. Hamiltor wnad. Metalw., 195 
June, 8-14) The r i 
ima tiie 


The synthetic grinding materials — car- 
bide and electrocorundum A. Sch 
Rund., 1959, (1), 421-433) Th 
synthetic compared with 1 
I inted out, ¢ j 16 rnanufacture 
ties of silicor arbid 
described 

Calculation of the temperature of the surface 
enn grinding 8S. G. Red’ko (Stanki Inst 

2), 26-24) The temperat liry 

sions of the filings removed by 
grains do not influence the surface te 
of the piece in work. A change 
feeding and depth of grindu 
change in the number of heat pulses, and with 
the removal of the abraded grains from the 
metal the temperature remains constant, bear 
ing no relation to the temperature of the filings 
or to their dimensions. The condition of the 
abraded grains depe nding on the 
on the degree of bluntness of the grinding disc 
do influence the temperature of the surface in 
work. The heat accumulating from all in- 
fluences, decreases with an increase in the 
peripheral speed of the disc, in the arc of 
contact, in the number of grains per mm, and 
with many other factors. The temperature is 
higher, the higher the number of abrasive 


and eliectr 


abrasi 
mperature 
in the rate of 
gy shows only a 


setting and 
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CLEANING AND PICKLING 


Cleaning and preparation of metals prior to 
electroplating. Effect of oxide films. Xi. Effect 
of oxides on the adhesion of ea H.B 
Linford and A. Venkateswarlu 8, 

j ‘oxidet tl | ite Peel 

Washing- drying machine for ae and 

roe one soot sheets A. A. 0 
y uy ; 7 


High pressure. ere ] 
\ 344A) Bur 
i ‘ 


ppil Met 


quire 
" Regeneration of the electrolyte for electro- 
lytic polishing of —_ Steels. Part Il 
——— hah iron | ret 
Ir } ~ | 


On the mechanism of the alkaline oxidation 
of steel A. V. Shr ( \ 
ZI / 58, 31, 


products o 


Factors aestng the pickling rate = | hot 
rolled steel ta LeB / 


PROTECTIVE COATINGS 


Finishing potaters: Se a a 7c, solu- 
tion |) B. Mot ( Fir 


re ind 


YDS, 
Samp! A 
£ of mixing are considered 
Standard methods of testing galvanic coat- 
ings M. Marié (Zaétita Mat., 1958, 7 
300-304) [In Serbochroat| Methods 
use for examining the roughness, 
resistance, and other physical and mechanical 
properties are surveyed, mainly in the light of 
BS, DIN and ASTM specifications P. ¥ 
Tolerance and fit of electroplated oe A.S 
urnov (Vestnik Mashin., 1956, (2), 14-18) 
pe experimental study concerning the dime 
sions of parts under electroplated lavers 80 
that the finished should be inter 
changeable. It considers oxidized aluminium 
parts, zinc- nickel- and chromium-plated steel, 


objects 
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i 


On the brightness of electrolytic deposits as 
related to their internal and external structures 


} 


Trends in waste disposal |). (:. Fou 
~ j 7 } ‘ 


’ 


An electrochemical method of obtaining an 
index of porosity of metal coatings ( 


Britt | J 


158/59, 36, Winter, 58 66) A 


A review of local authority sam ows on 
finishing trade effiuents 
57, 6, : ( i 


bow 


Influence of the conditions of electrolysis on 
the structure and resistance to wear of electro- 
lytic a Coatings ’ N. Pets Vet 


U6 » 1YOs 12), 53-56) Exy 


j 


Protection ¢ of springs of steel E1723 from high 
a gr oxidation BE % 


Chromium plating baths on a chromium 
— base ( 


{ ¢ 


studies on deetniemntie chromium eon. 
. On the distribution of hardness \. A und 
l 4 4, 1957, 21, N 


Journal of The Iron and Steel Institute 


nd Lé t 4 


investigation ot ‘the regeneration of chro- 
anem Same K Z. 1 | 


I 


Developments in decorative plating ‘ 


IN 


The chemistry of Watts — wo solu- 
45, 


tions F. | 
Sept., 927-93t \ 


The properties of nickel ——- mene 
from a sulphamate bath 1) 
R. A. F. H [nest t. I 
158/59, 36, Wi ; 


Some developments in barrel nickel plating 
E. Bur Elect Fin., 1958, 


’ 


Regeneration of nickel 
: it, Z. K , and 


plating baths k 


hict te t 

On the connexions between the texture of the 
electrolytic nickel deposits and their properties 
ts ‘) \ I Kl i a) » I 


Preparation of iron alloys nickel-plated trom 
chloride electrolytes \. \. & r 
l. Ki » 1959, 32 


nd 

The effect of various factors, particularly 
plant construction, on the quality of the tin 
coat J. ‘I , Ostr , 1958, 4 " 
51) {In ¢ h] Various factors in tl 


luetion t 


i { 
Automatic bright cadmium on in a trade 


—segaaey | shop 
» 403-405 A f 


G58 


October 1959 


Study on aluminium coated steel. VIII. 
Influence of the chemical compositions of steel 
and the aluminium bath ¢ on oxidation at high 
oe Saga 1. \Y 

, 21, Nov., 636-640) | 


( 


hot metal spraying 


1458 


Metallizing 


Metallization by projection 
7 » SO-9O) Te i 


Carbonate deposits for pipe protection |. | 


MeCa i x. oO 


Wat iN » 1958, 50, N 


I 1 ryst i I t 
Phosphating treatments. A comprehensive 
patent literature survey J C. Ti Vet 
hu SSS, Sp May, 97-100; Ju 
‘Protective coatings based on bitumen | 
158, 5, Mar., | 64 
I} bit ‘ 


- sioomate as lining material for - protection 
rd chemical plant fi 
10, , 10-73 Merit 
N revi . 


Protective organic coatings for steel | 
‘\ Va ana i R. Mueller ly Ht t.. 19 
25, S 


Islo-1s8] N 


l 


Reinforced plastics for corrosion control 
\ Severance (¢ n, ; 


158, 14, Oct 


Water main protection 
5, Oct., 63-64 
1) ) We 


A new type of corrosion protection P. 


} , 1958, » (i 343) [In ¢ 


heaken aon amin by epoxide resin 
based om woert J. Roge Pr 
1958, 5, . The 
ed coat 


tinguished, and apy; 








f 


Epoxide enamels tor protection against 
chemical attack ! Pos , 1958, 
5, J l f 


Factors in the production of iron castings 
likely to cause Superficial enameiling — 
A. 2 , LYS, 13, 1) j 2 
$17) [In D it t ft 


Heat-resistant enamels 


Vi pr 
Infiuence of the metal on blister formation in 
powder enamelling of thin cast-iron objects 
P. Debouté and I P ; 15S, 


TS) kx ! ryt 


I : i 1 etrat nt é 

Influence of iron oxides on the properties of 
boron-containing and boron-free ground 
enamels (4. ! h makota 


Use of titanium dioxide in self- ag po 
glazes K. H. Styhr and M. D. I 
Cerar l » ot, N 

hn ole 


al range 


‘Contribution to the study of glazes for zircon 
—T D \ trada and ¢ s 
1 158, 12, Sept. Oct 
norcelaiz 
ten, metallic a for corrosion pretee- 
tion W. N. 
Bull., 1958, ra ‘ v.. 719-720 ‘ lecture 
Paints and plastics a saferad 40, 
Lead based paints in corrosion control N. J. 


Read (Corros , 1958, 5, Sept., 61-67 Th 


Ships’ paints’ faults 


£ 
¥, 


New bituminous anti-corrosion paints 


’ 


Practical experience with zinc-dust paints 
with respect to their corrosion resistance |! 
5 \ 10, | 6 


CLAD SHEET AND HARD-FACING 


Roll-bonding aluminium tin bearing alloys 
to steel: A modified technique employing 
segregated alloy billets |’. \\. ‘ 

/ i a } 


iv5s8, 3 \ , 260. 26 


Chromiding and Rareoning as 


protective 
measures —" « Wear t 


I ' R 


T 

y t - : 

Production or two- “layer steel for industrial 
Shears |). | t I 
Yu. D. K 


“On the rolling textures of cladding metals 
(, I i i kK \ } , A , ‘s 


. 22, Mar., 148-150) The textur f Al, 


! 
Experiences with weld- pemmmar “ sens | in 
the Trinex steelworks V.d : 
8, 7) {1 


An investigation of the causes of the appear- 
ance of cracks in locomotive wheel tyres after 
hand surfacing of worn areas with U 340 PB 
electrodes F. 8 a, 

Ya 


58, 11, 


Journal of The 


ABSTRACTS 


increasing the resistance to wear of carbur- 
ized chromium coatings \ \ 


t 


Methods of increasing the life of 


plough 
Shares J. > r (i &. 7, 10 


The relining of concrete mixers by hard 
sg \ | 27, 


4 
4G \ 


POWDER METALLURGY 


High strength prealloyed steel powders 
I y IVS 6) Gear | 


Granulation and form of powder paren 
a by atomization \. 1 


The elastic deformation of 
during ecagg A I 
| 4, | 


metal powder 
el 


Powder has high strength 


“For ‘the widest vevtaly of “industrial Jobs use 
powder metallurgy gears (/’ r 4 


_ Infiltration for he here gh I 


1458 


Designing sintered parts ( 
B D 


»_8) A 


Part ti 


d. ‘The echani 
Part Wi (July 
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tolerances is carried furthe 


designs are reviewed 


rand more intricate 
Part IV (Oct., 6-10) The 
available materials are surveyed and a number 
of case histories of the redesign of small parts 
for powder r Part V (1959, 
Jan., 16-21 j I " unch design is di 
cussed and } nh re uggested 
Machining bri j nisl ret and the 
question of é ! nb Lecessary for 
non Part Vi 
, ’ yn-ferrous 
compacts are give! 
Furnace sintering of metals and ceramics - 
tt KR. L. Harper (/ndust. Heat., 1958, 25, Dec., 
2446-2454) The author deals with: Sintering 


stainless stee 


| po rs, os and Ta carbide 
powder rolled products, as well as with non- 


ferrous metals aud econ ics 

Heat-treated powder-iron parts. N. Kothari 
(Mach. Design, 1958, 30, Oct. 30, 93-96) A 
comparison of graphite and iron 
copper-graphite t yecimens made and 
the effects of var s heat treatments were 
determined including carburizing and carboni- 
triding. Uneven density makes reproducibility 
difficult and so must be avoided with special 


if iron 


care 
Exothermic and purified exothermic atmo- 
spheres for sintering powder metal parts. Hi. M. 
Webber (/nd. Heat., 19 98, 25, Oct , 2000-2 008, 
2012) The production and properties of exo 
thermic and purified exothermic gas 
spheres are descrit pom together with 
respective fie Ids of ap a. 
iron. copper eraphite porous antifriction 
alloys V. k. Mikryukov and N. Z. Pozdnyak 
Vestnik Mashin., 1956, 
were prepared from fine iron powders 
juction of tron scale 


atmo- 
their 
lication A 


‘ 2), 52-57) The speci 
in a gas 
sphere with subsequent reduc- 
at 800°, Electro 
with dendritic and fibrous 

<d for 45 min in @ H, 

atmospher was the alloy element and 
the t I as « co nercial 


atmosphere 


quality. 
tested. 

t results and the 
I ) osition was found to be that of 
with 1-6°,C and from 5 to 


Specir ns wer 


FERRITES, CERMETS AND 
CARBIDES 


Relations between disaccommodation and 
magnetic properties of mongansse- -ferrous 
ferrite U. kinz (Lab. NV Philips’ Gloeilam; 
1958), No.2628:; Ps 1958, 24, 
July, 609-624 reprint 

Ferrimagnetic iron oxide compeaee with 

hexagonal crystal structures © r 
Lab. NV Philips’ Gloeilamp. Separaat, is 
No.2608, XVI ¢ alan Raenad P 
et Appliquée, Paris 1957, Sect de Ch 
Minerale, 1958, 117-123 

Magnetic structure and vacancy distribution 
in 4 Fe.0 by neutron diffraction ©. A. 
Fergu in. and M. Hass (Phys. R 1958, 
112, No 15, 1130-1131 

Cormets from thermite reactions J. D 


altor ir and -oulos ij immer 


Separaat, {8 i, 


pro- 
iced 
also ¥ } is deseribe The 
advantages of 1 , 1; (lox ‘ost, low 
ignitio nperatures, 
eliminati tc rolled mosphere) are set 
out 
Production of Hoybide cemented carbides 
(Machinery, 1959, = Feb. 11, 307-310) Pro- 
duction 1 ! um furnace is described, 
with an illustrate 


equipmer t 
used. 


PROPERTIES AND TESTING 


Study of the heterogeneity of metals sub- 
jected to tensile tests W. Truszkowski (Rev. 
Mét., 1958, 55, Aug., 716-723) It is shown that 
the coefficient of homogeneity 8 is influenced 
by impurities in grain boundaries and dis- 
persed in the metal, and by grain size. A 
formula is derived for calculating the co- 
efficient, and the method can be used for 
obtaining the coefficient of uniform elongation 


A, of an ideal homogeneous metal. The 


materials tested were 
aw 55 { pi I art t 
A large mechanical installation for duration 
tests L.. Baes and Y. Verwilst (Pr 
Stress A l., 158, 16, 30—5¢ 
or te ng | re ictures etl 
ALB, Auderg 
etail. ‘Th in 
id a separate frame 
id the specir 
with built-in a1 


A review of parametric methods of estimating 
- long-term strength of heat-resistant = 
Ya. Liberman (Zavods. Lab., 1958, (12 
1509 The method propounded — by 
Larson and Muller (Trans. ASME, 19 51, 74 
follows from Arrhenius’s equation for r 
of reaction and is therefore base 
A and @ (activation 
constant 
ture thisr 
was conhrmes t La Lor t f Pr ts 
1957, 27, 6 » by Nisbet and Hibb 
J. Metal. Trans., — 5). The article reviews 
the work of further investigators on this sul 
ject and give 16 American and German 
reference 
Determination of the ultimate resistance of 
— steel in the presence of contact Stresses 
. Buinovy, V . Braichev, 1. G 
aul ana eshnikov (Vestn 
1955, (12), § \ metho 
described whi best simulates 
tion Tt i 
strengtl unde ultane 
friction and litable 


consists 


arrang nt of speci 
mens is L. H 

‘The long- -term ‘carenath of cylindrical bodies 
weakened by ——— \. A. Zakharov and 
Sh. N. Kats (7' etika, 1958, (6), 52-55 
Che results are ¢ f an experimental ir 
vestigath ( i ong-te trength ot 
eylindr a bodi WeanRelic \ apertur 
carric¢ 1 Ol 


) , i i ic, IKH1- 

NOT steel an t on steel : 7 t i 500°¢ 
respectiv ly, and these reult ire compared 
with the calculate figur 

Investigating the effect of superheated steam 
on the long-term strength of austenitic steels 
E. A. Davidovskaya and L. P. Kestel’ (Meta 
lov. Obra. Met., 1958, (8), 33 
E1257 ‘ 
14 Ni, 
viously 
subjecte 


Specimens 


SOO 


in 
admixture 

Recent Soviet literature on ——_ —_ 
perature — R urd, W . Hi 
jun, and R iinan { fet, 1958, 10, 


stre! ing, 
forces and dift 
ture strength, ¢ 
perature strength to ise diagran 

Studies of alloy white cast iron: Effect of 
Cr’, upon the TTT curves and annealed hard- 
ness of alloy cast iron 1. Fukumoto (Nippon 
Kinzoku, 1958, 22, July, : 355) The effect 
of up to 2°5°%,Cr on the shape of the 7'7'7 
“urve id the annealed hardness of a sand-cast 
Ni-Cr white iron is described.—aA. ¢ 

Plasticity and brittleness of structural steel 
from data on eccentric stressing of notched 
specimens V. A. Bykov (Zavods. Lab., 1958, 
(9), 1116-1119) The experiments were carried 
out on three different conditions of failure, in 
relation to the safety factor: plastic ee 
yield point failure and brittle failure. Un 
conditions of a small limitin » load and sn 
stress accumulatior , brittle failure E 
fron rhe plastic shallow 
under least favourable conditions of repeatec 
deformation are the 


small effects 


iltaneous 
spreading of brittle cracks under very small 
limiting loads 

Electron-microscope studies on steel frac- 
tures C.-G. Nestler and F. W. Giinther (Arch. 
Hisenhiit., 1959, 30, March, 161-167) Results 


cause of the sin 
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(y 


density of 
fracture. L. J 

Mechanical properties of austenitic stainless 
steel wires: ho the yielding a I 
Vata ppon Kinzoku, ) » 22, Mar., 
120 123 n cold-draw! wires a | t 
250° or: 

Strains ay 

point 

phenomenon is exp! 
tion theory K 

The influence of minor elements on the iso- 
thermal embrittlement of steels WW. 5: and 
K. Balajiva (JJS/, 1959, 193, Oct., L41- 147 
rh } 

A contribution to the problem of the in- 
fluence of the so-called ‘f’-fracture on the 
mechanical properties of large forgings V 
K yuudela (Hutn. L ds 

s the tern prov 
fracture 


1958, 13, (8), 687 


gl and 
ly did n 
a background 
Phis fracture 
reductio! 
of fracture 
h it is apparen 


the fractur are 


~an 8) ri atio 
investigation by bending of forgings 
— wor’ i @ 


OS, 


[he 
artic 
this discussion and to id in their views. 
Mechanical properties of instrument steels 
Ya. B. Fridman and V. P. K nop! 
(Metallov. Obra, Met., 1958, (12), 2-9 venti 
gations of the mechanical pri yperties of four 
type f steel are detailed. It was found that 
under bending loads the high strength charac 
teris tics of R9 steel are greater th: under 
tensile loads, but under both tensile and bend- 
ng loads the failure of instru r els occurs 
witl ut macro-plastic deformation within the 
elastic region. 
Surface fracture 
crystals ©. F.’ 
Wells (JJSI, 


issue 


markings on alpha-iron 
ripper, D. I. Dagg, and O. ¢ 
1959, 193, Oct., 133-141) [This 








The use of the hot torsion test tor pee wr 
the forgeability of steel G. Wallquist and J.C, 
Carlen (Jernkont. Ann., 1959, 143, 1), 

The forgeability is defined as th 
deformation — px ble with 
and the torsion tes 
an indication of this. A 
built and tests were mad« 
of twists to fracture, torque and torsional work 
were studied as functions of 
temperature and rate of twisting over the 
range 700-1250 °C and 10-200 rev/min. The 
number of twists to fracture r to @ Max. 
with temperature. The max. value was found 
in the austenite range, varying with composi- 
tion, and the number of twists was lowered by 
increased rate of twisting. The work to fracture 
varies similarly with temperature and in- 
creases with speed of twisting. Neither 

rk to fracture 18 a suital 
orgeability but number of twists 
preferat ly at ~30°C below the temp 
which this is ay s a fair indicat 
plasticity 

Some considerations relating to the investi- 
gation by intentional fracture of iron and steel- 
making products Kk. Borione (Centre Dor 
Sidér. Circ., 1959, (1), 201-206) The examina 
tion of deliberately fractured spe 
estimate grain size letermine the 
temperature of fracture and to investigate 
physical defects and inclusions is discussed. 

The influence of ferrite banding on the 
impent properties of mild steel W. % 
M. Cohen, and B. Averbach (Shi 
Committee Pre ect SR-136, 4th Report SSC-114 
1958, Oct. 6, pp.23) ¢ harpy properties were 
compared for a severely banded ferrite-pearlite 
and a randomly distributed specimen. Both 
types were prepared from the same steel by 
homogenizing treatment of an initially bande« 
material, Some observations on banding we 
made. At the lower end of the tempera 
range Charpy values were not affé 
banding, direction of axis or notch orie 
At higher temperatures the randon 
shows higher energy absorption and 
value depends greatly on orientation ¢ 
men and notch. No preferred crystallog 
orientation for ferrite was found. 

A magnetic specimen mount for tractography 
“ B. Ballard and J. A. Bennett (Met. Pre 

1958, 74, Nov., 114-115) A pecimen I ant 
whic h can control the orientation of samples 
for microscopical and other examina 
described. The ‘specimen’ magnet i 
against the inside of a trans: 
hemisphere by an external ‘contri t 
By sliding the latter over the hemis phere a 
twisting it, the position of the sample, wh 
attached to the free end of the inside magn 
ean be adjusted at will D. L. ¢ 

Comparison of notched bar caste over the 
—— transition 4 A. W. Johnston 

Ipriif, 1959, 1, Jan. 20, 13-18 , 


1 the energies absorbe¢ 


damage 


composition, 


transitional 


Owen, 


Structure 


tions 1S 


held 


“Estimating the quaiity of sheet steel by means 
of tests for impact resistance V. G. Chernash- 
kin, A. M. Gofner, and M. A. Sivryukoy 

Zavods. Lab., 1958, (9), 1112-1115) Compara- 
tive tests have shown that specime 
5 mm notch can serve very well for estimating 
the quality of steel, because, from the 
of the curves <¢ 


ns with @ 


nature 
»btained, it is possible to esti- 
mate the grain size and the condition of the 
metal. Tests with varying widths of specimens 
corresponding to the thicknesses of m« tal, 
cannot, however, be recommended, 
the data obtained for impact strength are not 
comparable.—L. H. 

On the inertia of the dynamometer of the 
hydraulic testing machine L. T. ‘Timoshuk and 
V.S. Zoteev (Zavods. Lab., 1959, (1), 109-112) 
When a load is applied to the specimen under 
test by pendulum dynamometer, fluctuations 
occur on applying the load and in the determi- 
— of yield strength, which are conditioned 

y the changes in the rate of loading and by 
‘he inertia of the pendulum. The use of an 
electro-tensometer is suggested and recordings 


because 


ciable 
en 

Effect of heat treatment on the variations of 
the temperature- dependence curve of the im- 
pact swenge of steel V. elikoy etallor 
Obr Vet., 1958, 4 iremel 
are reported of the in 
0-1 3°5 Ni, O 
JU-U alte 
ha tage 
agein H. 

Heat resistant properties of come a 
ferrite A. M. Borzdyka and A na 
(Metallov. Obra. Met., 1958, (12 ba he This 
material has high mechanical properties at 
500-550" and at room t perature Addition 

0-4°,Nb to this Cr-Mo—-W steel irther 
increases its res ce » cree an lor 
term resistance, 
at normal tem 

ongation and re I i 
tensile tests at high te rature 

Change in strength coefficient due to marten- 
site formation in — deformation M. G 
Gaidukov and \ ». Sadovskii Me tall 
Obra. Met., yeh 4-8 


austeniti ater 


strain i 


Ss where 


| 
| 
accompanied by martens 


ined in low 


been exan 
Specimens were cut tron 
different extents and tr 
grams were constructed 
version depends on the relative values ¢ 

deformation temperature and Ms point. Dis- 


continuou vielding occur associated with 


martensite formation and two load m 
appes ar 

The Belgian contribution to the study of - 
Swift cup-forming test P. bk}. Lagasse and 
Lilet (*international Dee} Aha. sag conn 
Group, 1958, De 


iXlnAa 


! ] new precisior 
d tests on 2 
steels are reported ie device perat 


machine has been constr 


sheet of thickness 0-6 2mm and with cer 

precautions the test 

values which do 

physical propert 

to thickness but 

or to natural 

N stion for 

n 
‘On the accuracy of the _ orang re B. Otte 

‘ ‘a . 


leindl (Sbornik, Ost 


depends upon 
upon the mox 
killed steels the ) 
- her drawing properties of o- meet 
lashin , 38, 
ical 


Va ¥ est? 


state ol stre 

mus action of tensile vending 

ym stresses omparison 18 mé 
vetween experu ntal ar alculated data. 
The effect of friction is also considered.—m., T. 

Residual stresses and strength of teeth in 
cemented gears D. 8S. Elenevskii (Vestnik 
Mashin., 1958, (9), 10-13) The influence of the 
residual stresses on the fatigue resistance of 
these teeth was assessed by the wear of the tips 
of cogs ground after hardening. The quantita 
tive determination of the effect of residual 
stresses on the of the cogs was meas- 
ured on a hydraulic pulse machine. Results 
show that the fatigue limit for carefully ground 
teeth was 15 000 cycles, but when grour 
increased speed it was reduced to 85 
When these teeth were then shot peened the 
fatigue-resistance increased to 12 000 cycles. 
On the hypothesis of the strength of metallic 

materials according to H. M. Schnadt A. Krisch 
(Arch. Eisenhiit., 1959, 30, March, 169-185) 


surface 


da at an 
00 eycles, 
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experiune 
Plastic flow defects of reg in parts torged 
with a die ©. Gazdaru 


6 


Calculating the anisotropy of the properties 
of metals — meshanreet tromimont v.13 


Effect of the conditions of cold deformation 
and heat treatment on the fine structure of 
E1428 steel weguat-7 pig E. Y Chemad 


Metal 


tH 


"1957 references on ) Sern 1 
, 1958, pp.t rh ht ref 
hh page in sIphal t 
Materials testing by high- Jrequency electro- 
ae pulsators A. Te: / Gén. Méc., 
; i Sats Ee A descript f the use 


‘ f 
et ppuisa r ior tati i test 


a historical development of research on 
= nar ay of materials and structures is 7 
/. Aust um Inst. Met., 195 Nov 


{8 ref ! 


“Fatigue properties - a strength. ome 
Fras 


—“Wessarch on austeniti c or. ‘Mn- Cc- N Stainiess 
Steels Hsin hi-M 1eta Sun., 195 


scopical @xar 
trolyti 


nm 


extract 


dil etr ‘ i 
tests at room and at hig mperatures, cree} 
rupture rests, al e findings are 
presented under the | lings: S le austeniti 
region; solid ate reactions, martensite trans 
formation, precipitation res ions and forma 
of sigma-phase, properti at room and 
elevated temperatures; fe of interstitial 
solid lution; effect 
strength at high tempe 
W, Mo, Nb, 


mendation 


ipitat n on 
I effect of V, 
B and S&S: and tentative re 
for industrial application 
Molybdenum ‘Gate F. J. Marifias (Met 
Elect., 1959, ee ee ae 
153, 155, 157-158) A description is given of the 
properties of Mo, Cr-Mo, Ni-Mo and Ni-Cr 
Mo steels, 
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The use of 1 chromium, 0-17 nickel, 
0-001 boron steel for making large parts 
a & N. I. K tantir 


An economical austenitic heat-resisting steel 
of the MnCr\Ti)-17 7 type; its physical and 
mechanical properties | Pol | 


i 
i 


An experiment in the use of steel alloyed 


with aluminium N. P. Za 


Aircraft quality steels: _metem and 
— type i ae t ar | \ 
tr. Furn. Steel 1 , 1957, 142 
17) I ter 


Carburizing bearing steeis \\ 
is 10 | Pe 1(p 12 re 


52100 bearing steels 


METALLOGRAPHY 


Effect of zirconium on the austenitic grain- 
size in iron ané steel A. Acdiac! . 


N. Hit 


r 1} 


1958, 51, 


The measurement ond effect of grain size in 


steel castings N J , 
IOS, 51, N ’ A 1 t tl 


at Iref 


‘alee cmasternation diagrams for Alsi 
4815 = 43BV 14 Kk. | H K 

\ 5S 74, , v6) 

Temancers changes in oinianees properties 
of steel! during phase transformations \. (. 


Vor o * 58 


Journal of The Iron and Steel! Institute 


The influence of aluminium on the micro- 
Structure of lamellar and 8G frons |. |) 


pr 
Comparative study of the allotropic trans- 
formations of iron and uranium |’. | 


Investigations of dilatometric curves. Plot- 
ting derived curves and determining transter- 
mation a A. Cles D ; 

t the \ 7 + j 

The role of the surface in the on 

of iron atteys ‘ \ I 
/ ; 8 »), 14-17) I 


New seneate of autoradiographic investiga- 
tions of — structures S. Bereu, A. Kathrein, 
N. Petr ; cu (St , 


An investigation of the titanium-iron 
carbon system. 1. On the titanium iron = 
ll y VMurakar 4 i ra 7 y 


October 1959 


CORROSION 
Processes of electrochemical corrosion (: 


here and there 


('j LQ58 


Corrosion 


Corrosion in water engineering 
( 5 1 4 


J " ¢ 
( 
l i » Oe ‘ 


Corrosion in railway engineering 
t ( P 1958, 5, Oct., Si 


Corrosion in civil engineering R 


The corrosion resistance of ductile iron fF. | 


, is 102 


A study of the solution rate of iron in liquid 
Bometh from a number of ferritic stools | L. W 
G. W. Wilson (JIS/, , 193, 
Current research on corrosion and tubercula- 
tion of cast ron r. E. I t :. \ kold 
1 j 1 8, 50, Ni 


\ SiO 
Corrosive influences peculiar to —-. A.G 
Ar 1 P , 1958, 5 9 he 


j 


Behaviour of enon and stainless steels in 
acid waters k I 
Oct., 445 


"Boiler corrosion pas its ‘alleviation »* feed 
water conditioning 2) A. Laird and g 
} 19 \ vy. 








ferene is made t the « its ri " 


Regarding corrosion of stainless steels at 
places of contact with non-metallic materials 
I. B ! nd ¥ M. Z 


Cathodic protection of 
— I 


a gas distribution 
. %, 14, 


i 


Corrosion protection for pipe type electric 
pg lines in the Giicage area \\ 
1958, 14, t., 49 i4t 
pH of th ' otis } 
Some data on the resistance to intercrystal- { | 
line corrosion of pure austenitic steels contain- es and i 
ing 23°, chromium and 23 28°, nickel. ) u. | are d 
K L. PL K Let . . More revenue trom longer iasting water 
Pheu ! { meters through corrosion control 
ter ta t f 14, 0 10s 


l 
Corrosion of stainless and carbon steels under 
cathode polarization in nitric acid — tain ni 
L) t i M. M. Kurt Hull corrosion prevention system 
Chee. A ie, 88 32, = ] 1958, 5. J 4 
I Kh SN 3 ‘ 
tanks 


The protection of double bottom 


’ 
Ir 


ANALYSIS 


Records vuned toa pom naneey gas distribution Thermographic quantitative 
corrosion conteet oo errr I ( Kerchensk iron ore 
( : 14, , 451t 454 } LJ , 1958, 24, (1 t 
Some Basie ‘toes of the corrosion of r ! f 
metals by = — 


analysis of 


acids 


! 
, 95°C in all 
corrosion of 
sulphur 


High-temperature 
equipment by 
Richare We 


refinery 
compounds \\ G 
1959, 10, Feb., 74 


Rapid methods of analysis for metallurgical 
hg H 


The early history of cathodic protection in 
the United — Some recollections 
ah r , 1958, §, April, 46, 72) A 


A sampling method of specimens for analysis 
of gases in iron and steel | 
a. 8 tsu | 22, 


i4f 


Corrosion resistance of welded joints in 
TKHISNOT steel under conditions of _— acid | t K.1 
— B J Medovi \ ‘ I Study on the method of taking a sample for 
tse i M. Ganev (Avt determination of oxygen in molten steel 


58, 44, » tot t \ 


Problems concerning the content and de- 
termination of nitrogen, ~ ane warty 
in Cast iron L. 1.1 Lit ' 8, ‘ 


ind hvdr 


Journal of The Iron 


ABSTRACTS 


Sampling and analysis of electric furnace 
eats for nitrogen content I 


( 


The sampling 
and analyses of nitrogen in electric turnace 
steels: Review and evaluation of vacuum fusion 
methods I 


Comparison 
of methods on duplicate furnace samples \. | 


1 


Analyses 
of steel for nitrogen and its compounds |1. | 


On the Gotorennation of the various forms of 
iron in rocks 


Amperometric determination 
various materials with Trilon B 


| 


Si0., Al,O., V.O., and Cr.0.. (Study of the 
chemical analysis of sand iron and ilmenite 
i \ 4, 


The analysis of nickel we ge plating 
solutions G. H. I 
I 36, 


The application of the spectrograph to 
foundry practice |-. f! f 158 
4, r 


} 


Possibility of analysing steel for alloying 
elements in sects turnaces aernonn taking 
a N.B 

ls. J 23, 4 $8) The 


ctober 1959 


and Steel 
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satisfactory and extension to the OH furnace 

Flame photometry in the analysis of raw 
materials and steel products ©. bb. Belcher 
BHP Techn. Bull., 1958, 2, Sept., 26-28 
principle and techniques ot flam iotometry 
are described briefly, and sor ai appli- 
cations are enumerated 


Vacuum spectroscopy gone 


rapid steel 
analysis ©. | , 
N 735-737 


Winchester (. Vet., 1958, 10, 
A description 1 riven of the 
Quantovac, pectrograph for the 


t ments inciuc iz Ci Don, pric pP rus 
and sulphur ‘ 

Simultaneous determination by spectral 
analysis of carbon and other impurities in steels 
and irons A. 8S. Dem’yanchuk (Avtom 


195s, 2 f method 


Svarka, 
is described tor 
juantitati rraphic analysis of sim = ie 
ns by de 
the carbon and othe 


bee 


arbon and low-alloy steels and ir 


quen discharge Sf irce tr excitation 
the ‘ run he re ft analysis 18 
shortened taneous determi 


nation, and the accuracy f the resuits is 


claimed to be completely satisfactory -H 
The rapid spectrometric analysis ot qnees in 
steel W. Ko 5S. Eckhard, and F. Stricker 
irch. Eisenhit., 1959, 30, March, 137-144) 
4 method for the direct spectrometric deter- 
of CO, N, and H, is described. The 
gases are excited in a high-frequency field; the 
intensity of em bands during aspiration 
of the traced. The intensity maximum 
reflects excitation; in gas mixtures, I 
intensity is propo tional to the con 
of the gases in the mixture I 
Some special features of the spectrographic 
analysis of phosphorus in steel and weided 
joints . S. Kudelya (Avtom. Svarka, 1958, 11, 
¢ 88-92) Spe vress of P 
teel specimen into a radiant discharge 
r light of experiments 
ontaining radioactive P. The perma 
luring analysis should be of a 
r oxygen, in 
the irrounding air in 
and carbon electrodes were 
" yuld be 
10 mm 


rf suriace 


mination 


ission 
Cases 1s 
axXumum 
entration 


cial features of the « 


suitabl 


Ww 4s 


nm 


ent, starting v 
0-006-0-008 

made on metal 0-02 
0-003 ck, and the dia. of he area 
exalr nea was nor ally ; } 

Spectrographic analysis of binary iron and 
chromium alloys |. \ G. Kon 
valov, and V. | Erko Zavods. I 
14584 Alloy 


Cr 


19 
LYoOs, 


1483 


1949, 21, “1041 Pre i ion 4 6 
Comparative assessment of various methods 
of spectrographic determination of nickel in 
steel | I. Brainir wods. Lab., 1958, (12), 


Fluorescent x “ray 5 oe gy analysis 


' 17M 


trograph is described and 

, al analyses. Standard- 

ization ond the use 2 of the Spectromet in a — 

foundry ©. L. Richards and H. Levesque 
180) Ana on howing the 

Ni, Mn, Si, Mo, ¢ 

steels and Ni-resist iron are shown 


Quantovac 


reproa ility tor 
1, Cr and V in various alloy 
The 
a direct-reading instrument for 


Journal of The Iron and Steel Institute 


the control of carbon, phosphorus, sulphur and 
other important elements in iron and steel 
H. W. Calkins and M. F. Hasler (181-190). 
Rapid spectrophotometric determination of 
lead in leaded free-cutting steel with dithizone 
K — and S. Mori (Nippon Kinzoku, 
~ 290-292) A simple method o 
iron with hydroxylamine-KCN prior to 
the determinatio lead with dithizone is 
described. The puritication of dithizone 
dealt witl od 
Determination of impurities in ferroniobium 
by spectrographic analysis A. B. Shavich, 
Ya. M. Kalinsku, N. I. Chabanenko, and M. A. 
Perepelkur i (Z nls. Lab 1958, (12), 1478 
1479 rh method consists in analysing 
powde pecir and standards prepared by 
SUCCERSIV luta 3; for example, by dilutu 
t a ste t 


1958, 


f mask 


is als 


pro- 

The 

io! are 

pairs for various elements 

New instruments for investigation and the 

determination of calorific value of gases and for 

the control of furnace installations W. Eickler 

*Gas Wadrme, 1957, 6, Nov., 348-351) Port- 

iratus is reviewed. The 

Kalorex apparatus for value, the 

entration and 

Orsat apparatus still being 
developec are described. The ( 

apparatus for measuring flue draught 

and temperature, and CO, conte 


able gas analysis apy 
aloriti 
garex-S for oxygen in low cone 
an rm ved 
ym bustrex 
» pressure 
nt is included. 


INDUSTRIAL USES AND 
APPLICATIONS 

Metallic constructional materials for the 
chemical and allied industries S. Rowden (Eng. 
Digest, 1958, 19, Nov., 473-476 
affecting the cl ‘ f a str 
the chemical indust ur 
resistance to corrosion under oper 
tions, weldability, ete 

Steel for railway purposes J earde 


rt Inst. Locon 


Factors 


57~387, ssion 387—410 The 
and thei ) ies and use 
el « 
e, failure 
statistical nbers of evel 
endured by I nents are 
Present boiler designs at the Taganrog boiler 
works M. V. Meiklyar (Energetik, 1958, 6, 
3-8) Descriptions with draw 7s are given 
various t s for stear t 
570°C and } 
of up to 
and sec 
natural 
chamb 
electri 


liation type 


bustion 
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a ~recisting steels for steam turbines R. 
k ir. Sbornik, 1958, 7, (1), 52-60 
In Czech \ irvey of the development of the 
use of turbine steels, ar oa of researches in the 
past few yee , with spec 
to advance i rechoslovakia. Czechoslovak 
researches 01 r Cr-W, Cr-W-V, 
Cr—-Mo-W-\ ‘ea reviewed, and the ¢ 
suitable steels for given applicati 
field is discussed. Ferritic pearliti steels ¢ 
lieved to have a long fu send off Cam 
Reconditioning worn cylinder linings by re- 
placeable steel bands V. 1. Kazartsev and N 
Sobols V estnik Vashir 1956, 3), 66 
U8A, UI0A and 7082K1 4 steels are recom- 
for cy d ning ormulae are 
determining if n cme i the 
relation 1 t lg ets f the 
and the operation of stripping the 
jers and fitting th ining 8S ex 
lained in detail I 
Steel in prestressed concrete W. O. Everling 
jlast Furn. Steel Plant, 1! Fer Stee y 
w of the properties teel din 
is presented 
) l i ndition 
stre corrosior nd the effect of 
ire are I . B. 
The endless belt mmerce 


1958, 6), 4 44, 1 ‘ th teel cor 


ial reference 


and 


697 


’ 


ts made 


d and dis 


works aré 


MISCELLANEOUS 
Metal savings in er. HJ. Luca (Met 


Constr. Masini, 1958, (9), 791 15; (10), 885 
889) [In Run Phis is a of all the 
sections of the industry where these losses of 
metal occur, and suyge offered for 
their elimination. It include all er artments 
from the smelting to the finished ducts 
Some topical probioms concering ‘steel sav- 
ings (Met. Constr. Masini, 1958, (10), 890-891 
In Rumanian] In the 
Var.lous stages al 


effecti 


ianian | 


oe s of pr 
ed where 


duction, 
e analy savings can 
e obtained as, for exar iple, reduc 
limits of tolerance, delivery of 
sections according to their theoretical weights, 
introducing light sections, etc.—L. H 
Vibration phenomena in _ turbogenerators 
with steel foundations. Part 111 K. Schaff and 
<. H. Krieb (V DIZ, 1959, 101, Feb., 117-124 
oretical and experimental investigation 
ribed into the vibrati iracteristics 
enerators yunted i steel founda 
ethods of controlling the vibratio: 
ggested (16 reference 
Antiferromagnetic properties of the iron 
group trifluorides i. ©. Wollan, H. R. Child, 
W. C. Koehler, and M. K. Wilkinson (Phys 
Rev., 1958, 112, Nov. 15, 1132-1136 
Preliminary studies in chlorinating titani- 
ferous slags from Idaho ilmenite \i. M. Barr, 
H. L. Gilbert, and LD. D. Harper (US Bu 
Vines I nve } SI, 1958, pp.14 


welding 
to give 
» picture 
ittempt- 
articular 
Compre 
he latest 
d_ the 
welding 
1ioOWwever, 
d tips 

‘ ym pre 
thoroughly 
eer or 
ation on 
processes. 
eal with the 
g since these 


r ymarked 
hat, as tar a ncepts are concerned, 
the Br h Weld Industry does not lag 
behind its American counterpart. While 
Part LI fully reflects the great advances that 
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counter Soviet specification 
interested in the appendix w 
interesting ) h chemical compositions of f 
t induce the fee 


frustration in the Brit 


impres 
betwee! the tan I ) welding 
and technology i 1is country and 
America has finally been bridged and that 
best technolog 
untry will bear seri 
Ameri 
be expected 
a body having th 
Welding Societ 
1 illustrated 
i paper and is wel 
andards it is gooc 
MPHREY 
P inwendung Sauerstoff bei 
euqung . A i rom the 
Primeneniem 
1956 8 » pr 
1959, Berlir VEB 
Price DM. 30 
nally published in Mosco 
Production of Steel with 
Oxygen’, a t » which more 
ts contents, this compilation 
*K tor the IS lackil 
me. The seventeen ‘chay 
fferent authors, 
duplication, 1 
ndex makes it difficult to refer readily 
iny part 


ilar aspect I'he book must 


ll also be clear how the s 
ul research institutes have 

o-operation with the plant 
} 


truitful such collaboration can 


ie first two chapters are merely u 
tory and historical ’ 
hapter relate essentially to til 
ment work carried out at Zaporoz! 
to 1956 and, : oug the open 
furnaces there are 
there are undoubtedly 
apy Lit } 
t All aspects 


Details will be 


Simulate 
gas compe 
xpianatior 


scrap char 
oxygen flows d 

urization, and that 

clearly explain 


succinctly 


1} 


RABBE, 


lung st 
methods, limited 
n of steel from 
horus high lual section Ay 
ween practical and 
ition to the t ‘ Ory 
tonnage oxygen I ( 1 3 i oretl matter 
A ) with an output oi ié I é hh ppre ate point 
S5U0000 cu.lt per hour, or approximately ! unto \ printing 
360 tons per day. Metallurgists who en including mis ‘ t of the 
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growth of the city of Barrow in its proper 
framework of economic and human events 

The first section of the 
factual picture of life and trade in F 
in the century preceding the 
bling a 


book gives a 
Irness 
railways, 
aSsse! large mass of statistics of 
population, trade and finance in such a way 
as to provide a convincing support tor the 
conclusions drawn about the development 
of the area. The account of the charcoal iron 


industry places the many partnerships anc 


i 
their financial problems in a clear light and 


gives a welcome account of the explorati 


and opening up of the many ore fields There 
is an excellent study of the charcoal trade 

The Barrow steel industry is 
detailed in its relation to ore bodies and 
finance, and the vital part played by the 
Furness Railway and its later connections, 
particularly with the Durham coke 
is clearly demonstrated. It is useful to have a 
precise account of such a self-contained iron 


iron and 


areas, 


producing area, presented from the view 
point of the economist, free from any 
technical detail of processes, or mechanical 
aspects. Trade, finance and transport are 
the chief topics, but linked with these are 
the human housing, health 
education and local government, which are 


topics ot 
the essential concomitants of a new and 
increasing industrial population 

The text is not reading but it is 
frequently lightened by the 
biographical details of the more 


easy 
inclusion of 
prominent 
persons whose activities brought about the 
eventual establishment of Barrow City and 
its iron and steel industries. The book brings 
the story to the end of the nineteenth 
century and leaves the twentieth century 
developments for a telling 
A. RAIsTRICK. 
Litnu, F.‘Planung und Bau von Hiittenwerken’. 
Zweite, neubearbeitete Auflag pp-Vvill 
187. Illustrated. 1958, Berlin: Springer 
Verlag. (Price DM. 28.50.) 

The usefulness of this book lies in the fact 
that it not only provides a check-list of all 
the various factors which have to be taken 

works, 


separate 


into account when planning a new 
but also collects together typical data on 
such matters as the size, performance and 
cost of different types of plant 
in the planning 
Although there is 
of data of this kind 
available it is scattered 
different 


collects such 


be of assistance 
f a new steelworks 
preciable quantity 
journals, and any book which 
information together is wel 
I wo-thirds of the book is taken up with 

of planning, starting with the 
early decisions about the siting of the works, 
its size, and the products whi h will be made 
Material balances and fiows, and the layout 
then considered, and this 


the problen 


of the works are 
leads on to a ¢ parison of the variou 
alternative pr and plants that can 
be used for iron and making and the 
mechanical working of steel. It is in this 
section that most of the 
place in preparing the second edition of the 
book; performance and output 
figures to-date, but the new 
processes for iron and steel 
continuous casting, which are now coming 
Naturally, 
performance of 


revision has taken 


not only are 

brought uy 
making and 
into prominence, are discussed. 
there are few data on the 
these new processes, but sufficient indication 
is usually given to enable their s« ope to be 
judged. Consideration of the fuel and power 
balances, problems of transport and sup 
plies of materials, the provision of services, 
organization of auxiliary departments, and 
standardization and 
this major part 


special problems like 
safety 
ot the book 

The remaining short sections deal with 
building and its organiz 


measures, complete 


cost estimating, 


ation, and commissioning, and the book 
ends with a number of examples taken from 
practice. A new example added in the second 
edition deals with the planning of a steel 
iron and steelmaking 
plentiful and 

80 that 


taken into account; 


works using electri 
Tabular 
costs quoted are related to the date 


data aré 


processes. 


changes tin value Can be 


M 


M 


STANFORD, E 


but the reader is warned that figures given 


in different tables, being drawn fron 


different sources, are not always consistent 
with one ano and calculations are not 
mistakes 


always § tree fron arithmetical 


References to the original sources of infor 


mation are footnote naturally 
these are, 


German sources 


iven &@s 


aimost without exception, 
H. R. Minis 
ERRIMAN, A. D {1 Dictionar 
1} S44 in, py 401 
London: Macdonald and ‘ Price 
1268 

Dr Merriman’s dictionary was 
lished in monthly 
Treatment and Dr 
it has been 
additional information coming from re 
of that 
contains nearly 
and 290 illustrations. The 
nition of ‘metallurgy itself 
of the 
the practice 
metals fron 
metal, 


letallurqy’ 
1058, 


instalments 
Forging, but 
much rev some 
journal. In its present forn 
7000 definitions, 236 tables, 
author’s defi 
excellent illustration 
dictionary; 
extracting 
refining of crude 
alloys and the study 

structure and properties 
ship of physical and 

to thermal 
metals and alloys’ 


and mechani 
Withir 
the information given is ace 
definitions 
quial (e.g 


copious range fror 
. “goose-neck 

(e.g. ‘megacycle’, ‘Pascher 

ary electrons’), and the il 
the simple a pipe chaplet’ 
plex of 3 
metatlurgist 


nickel 

without 

book J. P. I 
Vonkland Tradition’ 

84 54 in., pp. 154. Illustrated 

1958, Edinburgh as Nels & Son 

Ltd. (Price 18s 
rhe author’s an 

earliest coal and iron masters in 

land area of Lanarkshire. Today, 

prominent 


S-curve 
valuable reference SAVILLI 
ILLER, ‘I R. ‘The 


estors were a 


is a engineering company 
concerned, amongst other projects, with the 
building of « ! plant. This brief and 
chatty between 
and giv a personal and inte! 

ot the 
history 


account an the 
changes in tamil 
vhich have 

POWER 

TP! 

Illustrated. 1958, Lon 
Stationery Ofhec Price 

Ihe first edition of th 0k appr 
1944 prepared, as the edi erve, 


atmospher ot wer 1der War-tir 


ared 


conditions. Since n . i science a 
practice of fuel te | vy have advan 
but the for their Tull applicatio 
has not receded 
first time in its history, ar 
of oil-fuel, as the iron and steel u 


necessity 
this country 18 now, 
unporter 
well aware, but more significantly 
fuel. The 10st efficient use of 
liquid fuels is a national necessit 

The general arrangement of this second 
edition t 
first, although the 
taken, in the belief that some knowlec 
fuel technology is more 
modify some of the elementary trea 
of the first; other parts ha 
into line with 
new matter introduced—tor instance in the 
with the 
chapters 


wisely, therefore, resembles th 


opportunity has been 
widely sprea 


been brought 
more modern practice and 
dealing bouers and 
auxiliaries and with furnaces, The 


sections 
on heat-transmussion and on tluid flow have 
been entirely rewritten. The book should b 
most valuable to all 
fuel.—J. P. SAVILLE 
G., and Fearon, J. H. (Editors 
Progress in Non- Destructive Testing’. Vol. I, 
9} 6 in., pp. vil 267. Lilustrated. 1958, 
London: Heywood & Co. Ltd. (Price 60s.) 
lhis book is the first of a series contair 
critical re “Vv by 
aspects 0 non-destructive testing, 
the very standard of the 
lume 18 maintained through the 


the editors will have made an u 


users of 


industrial 


specialists on 


high 


aluable 


addition to the literature on this subject, 
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It is made clear in the 
destructive 


testing covers 
field than that of detecting flaws in metallic 


specimens, and that the subje« 
the study of any parameter 
Medical agnosi is proba 
KnOV of N.D.1 

of evie 


Pr 
tr 
M 


with the 
fluence of 


material 


nent, and 


AIWAY | 

treated? WI 

and What quantities 
The appendix 


print éf DIN.17014, 


toure l'r 
10 64 ou 
Paris: | 
Price 2500 Fr 
Phis is the 


ditions 
third 
er one the m 


pment 
As 


‘nn 
ir- 


ond 
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need for even 
archaeologists 


disciplines, M. 


After stressing the 
between 


learnt 
more co-operation 
and the scientific 
Salin describes work that was carried out 
on metal artefacta very largely under his 
direction at the Laboratory of the Musee 
180 spectrograph 


various 


Lorrain at Nancy. Sore 
and metallographic analyses are presented, 
together with tentative interpretations and 
general hypotheses, and lirectly related to 
the available documentary and archaeo 
logical evidence. Due credit is given to the 
many other specialists who willingly helped 
the author 

Reader f this Journal will find of 
greatest interest the first half of the book 
with ‘Fers et Aciers’. Inevitably, 
which has its im 


which deals 
in the 
mediat« 


period covered 

metallurgical roots in the Roman 
era and comes to an abrupt end about 1100 

that means more or less the study of arms 
and armour. The thorough treatment given 
here to the ‘pattern-welded epee 
dan asaneet is particularly \ aluable ae the 
author and his colleague M. France-Lanord 
first undertook its metallographic exami 
nation systematically. It is a pity that the 


aword 


book was at too advanced a stage at the 
time to include a reference to recent forging 
work by J. W Anstee (see Nature, 1956, 
178, 29 December, 1432 showed, 
among other things, that wert 
produced even by the slag in very pure iron, 
and did not re quire alternate strips of ‘iron’ 
and ‘steel’. The rest of the book describes 


which 
patterns 


methods of working copper and its alloys, 
techniques of onlay and inlay mainly on a 
examination of which, 
ords, radiography 
has played such an important part), and 
the production of jewellery chiefly from 
non-ferrous metals. Full justice is done to 
the subject as a whole, and the many and 
varied objects in particular, in the tables 
and illustrations, although micrographs 
appear without magnifications, and the 
standard of treatment is un- 
fortunately not matched by that of book 
production. An index is promised ‘with the 
last volume. 

Perhaps one of the most telling points is 
the author's frequent comparison of these 
ancient materials modern 
specifications. It is refreshing to be so 
convineingly reminded of the incredibly 
high standards of purity and workmanship 
BIEK 


ferrous base (in the 
as for pattern-welded sw 


smentific 


with relevant 


achieved some 1500 years age L 


NEW PUBLICATIONS 


AMERICAN Society FOR TesTinG MATERIALS, 
‘Report on Properties of Cast Iron at Elevated 
S.T.P. No.248. 11 84 in., 
v 90. Illustrated. Philadelphia, 1959 

» Society. (Price, Members, $3.40; Non 
members, $4.25.) 
AMERICAN CIETY 


Ten peratu res’ 


FOR TESTING MATERIALS, 
‘ASTM Specifications for Steel Piping 
Materials’ Prepared by ASTM Committee 
A-l on Steel. 9 x 6 in., pp. xi + 507. 
Illustrated. Philadelphia, 1959: The Society 
(Price, Members, $4.80; Non-members, 
$6.00.) 

AMERICAN SOCIETY FOR TESTING MATERIALS, 
‘ASTM Standards on Soaps and Other 
Detergents’. Prepared by ASTM Committee 
D-12 on Soaps and Other Detergents. 
9 x 6 in., pp. viii + 707-949. Illustrated. 
Philadelphia, 1958: The Society. (Price, 
Members, $2.80; Non-members, $3.50.) 

AMERICAN Society FoR TESTING MATERIALS, 
‘ASTM Standards on Petroleum Products 
and Lubricants (with related Information)’. 
Prepared by ASTM Committee D-2 on 
Petroleum Products and Lubricants. 9 x 6 
in., pp. xxix 1210. Illustrated. Phila 
delphia, 1959: The Society. (Price, Members, 
$6.60; Non-members, 25.) 

AMERICAN Society FoR TESTING MATERIALS, 
‘Symposium on Radiation Effects on 
Materials’. Vol. Ill. 8.T.P. No.233. 9 x 6 
in., pp. iv 164. Lilustrated. Philadelphia, 
1958: The Society. (Price, Members, $3.40; 
Non-members, $4.25.) 

American Socrety For TESTING MATERIALS, 
‘Symposium on Radioactivity in Industrial 


AMERICAN Society For TESTING 


Water and Industrial Waste Water’. 8.T.P. 
No.235. 9 6 in., pp. v + 69. Illustrated 
Philadelphia, 1959: The Society. (Price, 
Members, $2.00; Non-members, $2.50 
MATERIALS, 
4dvances in Electron Metal- 
lography’. 8.T.P. No.245. 9 x 6in., pp. 120 
Illustrated. Philadelphia, 1958: The Society 
Price, Members, $3.20; Non-members, 
$4.00 
AMERICAN SOCIETY FOR 


‘Symposium on 


TESTING MATERIALS, 
‘Symposium on Materials Research Fron 
S.T.P. No.243. 9 6 in., pp. 48 
Illustrated. Philadelphia, 1959: The Society. 
(Price, Members, $1.60; Non-members, 
$2.00 
AMERICAN VaAcuUM 
Terms used in Vacuum Technology’. 94 
in., pp iii 63. New York, London, 
1958: Pergamon Press Ltd. (Price 10s 
BasurortaH, G. R., ‘The Manufacture of Iron 
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Ltd. (Price £2 
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for big names in steel 


Honeywell is instrumental 
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Flexible Honeywell controls = 
vepaiate oii and eee Gred sone rhere is an atmosphere of confidence ina 
temperatures on reheaters. big steelworks operating under Honeywell control. 
Alternative combined controller At the Ebbw Vale works of Richard Thoma 
settings can be quickly selected and Baldwins, each 7-ton slab of red-hot stee! 
from a control knob at the desk. ; 

bears an invisible guarantee as it moves past 

the instrument panel on its way from 


the reheating furnaces to the rolling mill: 
a guarantee of precision; opfin 
distribution exactly re ] roduced... 
quality from close control of fur 
WRITE OR SEND THE COUPON TODAY 
Honeywell Controls Limited, Ruislip Koad East, 
Greenford, Middlesex. WAXlow 2333. 


a guarantee of economy; each 
to heat vhe nevery wore 1 har 


by automatic fuel flow control. 


ES ES ee And the range and flexibility of Honeywell instrume: 

JISI 
I am interested in the application of ensure that these units can be built into new 
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; plant conveniently, without prejudice to plant design. 


This is why the big names in steel .. . Richard Thomas 
and Baldwins ...Steel Company of Wales 
Steel Peech and Tozer...Colvilles... 


come to Honeywell for their instrumentation 


Please send: (Tick where appropriate) 


Address of your nearest branch office O 
Full information o 
NAME 

COMPANY 


APPOINTMENT 


Honeywell 
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STEPHENS’ 


Super Grade Low Alumina 
Silica Brick 





FINE SILICA CEMENT FOR 
SETTING SILICA BRICK 


< 


STIGNIC CEMENT FOR BASIC 
“STEEL LADLES 

















KILN CAPACITY OVER " 
ii MILLION BRICKS SPECIAL FIRE CEMENTS for all 


< purposes 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 





< REGENN' BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO.,LTD. 
KIDWELLY 


Telegrams :—STEPHENS, KIDWELLY Codes:—ABC 4th & 5th Editions 
Liebers & Marconi 





Telephone:—KIDWELLY No. 1 





JOURNAL OF THE IRON AND STEEL INSTITUTE 











GUEST KEEN& 4IRON & STEEL 
4 COMPANY > 
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east moors, GARDIFF. 


TELEPHONE: CARDIFF 3315! 
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RX ATMOSPHERE 
GENERATORS 





produce uniform atmosphere for dry cyaniding gas 


homogeneous 


and provide atmospheres for protecting surfaces during 
bright annealing and clean hardening processes 


carburizing, 


carburizing or carbon restoration heat 


treatment . 





SUPPLIED IN UNITS HAVING CAPACITIES FROM 
500 cu. ft. per hr. to 6,500 cu. ft. per hr. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION TOLEDC USA 
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274 Illustrations 


The Publications Department 


.... destined to be, and deserves to be, a best seller” 


The New Entirely 


Steelplant 


Refractories 


by 
J. H. Chesters 


Transactions of The British Ceramic Society: 
. No greater tribute could be paid to Dr. Chesters 
than to say that he has not only arranged his 
material in an orderly and logical sequence but has 
presented it with enthusiasm and imagination 
... refractory problems become an exciting cball- 
enge which cannot fail to appeal to the reader . . 


Engineering 

... The information available on every one of its 
728 pages offers experience, which no engineer or 
chemist could hope to gain in a lifetime of practical 
observation .. . 


The United Steel Companies Limited 


Refractories Journal 


Revised Edition of 


Blast Furnace and Steel Plant 

This second edition should find its way into every 
steelplant and into the hands of all who produce, 
test, study or use steelplant refractories. The 
author is uniquely qualified to write on this subject 
for an international readership . Perbaps the 
best way of giving an over all idea of ite nature is 
to predict that most readers will find it so full of 
ideas that, like this reviewer, they will make a 
series of memos beginning: ‘Let us try this out...’ 


PRICE £4 Sterling $12 U.S.A. or Canada. 


Post Free 


17, Westbourne Road, Sheffield, 10 
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Serving Britains Industry 


GRIFFIN BRAND 


STEEL SHEETS 


Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets 
Black, Galvanised, Flat and Corrugated. 








We make the widest Steel Sheets and 
have the largest general Galvanizing 
Plant in Great Britain. 


ke Metal Spraying by the most up-to-date 
methods done in our works or ‘in situ’’. 





Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal, etc. 

















179 WEST GEORGE STREET, 
GLASGOW, C.2 
Tel. : CENtral 0442 Grams: CIVILITY, Glasgow 


@SmitR and McLean Ltd. 
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Scientific Dust Extraction 


GREENS 


“PARACLONE” 


DUST COLLECTOR 


® Long cell life — high resistance to abrasion and corrosion 
* Self compensating pressure equalising system 
* Exceptionally high overall collecting efficiency 


* Low space, weight and cost ratios per unit volume 


Send for descriptive brochure No. P908 


Manufactured by the makers of the world famous E. GREEN & SON LTD : WAKEFIELD 
G REENS ECONOMISER Makers of Economisers for over one hundred years 


GE206 








COMPLETED LININGS TO 





57 BLAST FURNACES 
112 HOT BLAST STOVES 


58 STEEL MELTING 


_ sain Say FURNACES 








+ : 





J} - 2 I = BRICKS LAID YEARLY — 12 MILLION 


STAFF — 80 FURNACE BRICKLAYERS 


TATTERSALL 
# Bu L A 
REFRACTORY CONTRACTORS 


137 SOUTHFIELD ROAD MIDDLESBROUGH 
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HOT ROLLED STEEL BARS 


Round * Square ¢ Flat 
Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED 


Speciality: 


STEEL STRIP VERY HEAVY 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 
Phone: 6540! (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFFICE MANCHESTER OFFICE 


STEEL HOUSE KING EDWARD HOUSE 50 WELLINGTON STREET CHRONICLE BUILDINGS 
TOTHILL STREET, S.W.1 NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 


Telegrams Telegrams Telegrams Telegrams 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 


Telephone Telephone Telephone Telephone: 
WHITEHALL 2984 MIDLAND 0412-3 CENTRAL 1528 BLACKFRIARS 1603-4 
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Illustration shows a SHEPPARD 240-MOULD DOUBLE 
STRAND PIG CASTING MACHINE installation supplied to 
The Goldendale Iron Co. Ltd., Tunstall, Stoke-on-Trent. 

Full details are available of other SHEPPARD Ingot and Pig 
Casting Machines for producing ingots in Aluminium — Brass 
— Bronze & Gunmetal —- Copper - Lead - Zinc and Iron. Full 
particulars on application. 


SHEPPARD & SONS LTD . BRIDGEND - GLAM 


TEL: — A SUBSIDIARY OF HAYES INDUSTRIES (WALES) LTD. GRAMS 


BRIDGEND !700 (5 lines SHEPPARD, BRIDGEND 
LONDON OFFICE: 153 GEORGE STREET, W1—Te/. PADDINGTON 4239 
Representatives in South Wales and Monmouthshire for 
G.W.B. FURNACES LTD.—Electric Melting and Resistance Furnaces and Electric Control Gear 
BRONX ENGINEERING LTD.—Plate Bending Rolls and Press Brakes. 

















Structural Steelwork 
Colliery Arches 
Forging Blooms 
Sections 
Joists 

Slabs 


Works and 

Head Office :— 
FLEMINGTON 
MOTHERWELL 


Phone: - Motherwell 347 
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Electrical Aids in Industry 


Lighting -2 


The general principles of factory lighting have 
been dealt with in the previous data sheet (No. 6). 
This one considers briefly certain factors—not 
always fully appreciated —that influence the 
lighting for some particular factory applications. 
The next data sheet will carry the subject further. 


Work benches 
The most universal application of lighting is to 
bench work, for there is no branch of manufacturing 
that does not have its work benches which, of 
necessity, are used for a great variety of occupations. 
No single lighting method is suitable for all cases. 
The introduction of fluorescent lighting has gone 
a long way to solving one of the main problems here; 
for while the high degree of brightness of filament 
lamps tends to preclude their use for individual light- 
ing owing to the glare, the fluorescent tube with its 
greater expanse of light source has made localised 
lighting with alow mounting height more practicable. 
Moreover, the length of the fluorescent tube puts 
into the hands of the designer a means of controlling 
shadows which, together with glare, probably 
represent the most prolific causes of errors and 
eye-strain. 























With narrow individual benches (not more than 
4 ft. wide), there are four basic methods of localised 
lighting: longitudinal, transverse, diagonal or a 
combination of longitudinal and transverse. With 
wider benches it is not advisable to use fittings 
directly over benches, and fittings should be behind 
the workers at each edge of the bench. Where 
particularly high illumination is required, fluorescent 
fittings may be mounted as local lights —low enough 
for the skirt of the reflector to conceal the lamps 
from the eye of the operator. 

It is good practice to use reflectors which allow a 
reasonable amount of light to spill upwards, giving 
a certain amount of general lighting. 


High-bay shops 

Probably the most difficult of all factory lighting 
problems is that of high-bay lighting. In lofty, long 
and sometimes necessarily dirty shops such as those 
which house really large machine tools and overhead 
cranes, which do their worst to defy the efforts of the 
illuminating engineer, it requires great ingenuity, 
coupled frequently with high lamp wattage, to 
provide the workman with enough light to allow him 
to do his job efficiently. From the planer operator 
to the slinger, the workman, though he may not 
know it, is dependent on good lighting if he is to 
avoid an over-cut or a serious crane mishap. 


Data Sheet No.7 | 


The major problems associated with the lighting 
of high and relatively narrow shops, such as heavy 
machine shops and foundries, are :— 


Poor light utilisation caused by excessive 
light absorption by the large and often dark 
wall area. 


Preponderance of light flux downwards and 
poor cross lighting causing poor illumination 
on vertical surfaces, and heavy shadows 


Possibility of heavy light absorption in the 
atmosphere. 


(d) Difficulty of access to high fittings for 
maintenance 


In high-bay workshops there is a tendency to use 
concentrating fittings so that the maximum pro- 
portion of the light output reaches the working area 
without spread to the 
walls, but the saving in 
wall absorption is ob- 
tained only by accepting 
a depressing environ- 
ment, poor cross lighting 
and heavy shadows. 

In many cases it is 
good practice to accept 
the inevitable reduction 
in light utilisation by 
wall absorption and to 


























reduce this by applying 
light colours to interior surfaces where possible 
throughout. This approach results in more cheerful 
conditions and provides equally good illumination 
values and better cross lighting. Even better is to 
add angled lighting from the sides below crane level. 
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In the conditions obtaining in this type of shop, 
rapid deterioration in light source intensity due to 
dust must be expected. Facilities should always be 
provided for easy access to fittings for cleaning 
and maintenance. 

, ie further information, get in touch with your | 
Electricity Board or write direct to the Electrical 
Development Association, 2 Savoy Hill, London, 
W.C.2. Telephone: TEMple Bar 9434 

Excellent reference books on electricity and 
productivity (86 each, or 9- post free) are 
available—“ Lighting in Industry” is an 
example. 

E.D.A. also have available on free loan in 
the United Kingdom a series of films on the 
industrial uses of electricity, including one on 





Refractories | Sixth Report of the 
for the | 
[ron and Steel Industry | 


Corrosion Committee 


Special Report No. 66 


The corrosion of iron and steel costs industry 
millions of pounds every year, and research on 
the best ways of saving this money is of the high- 
est importance. The Sixth Report of the Corro- 
sion Committee, which was founded in 1928, has 
recently appeared as No.66 in the Institute's 
Special Report series; it contains an account of 
the researches carried out during the past 
twenty years. 





The Report covers the corrosion of iron and 
steel in air, in soil, and in water; it details the 
results of numerous experiments and recom- 
mends methods of protection against the many 
different forms of corrosion. Reports of tests 
carried out to ascertain the corrosion rates 0 
different kinds of bare irons and steels all over 
the world, and of steels protected with paint 
and or metal coatings, are given. 


Iwo other interesting researches described in 
the Report concern the corrosion and protection 
of steel at elevated temperatures up to 350°C, 
and marine corrosion. As a result of the latter, 
several reliable anti-corrosive ¢ ompt sitions have 
been formulated, some of which are in use on 
H.M. ships and the ‘Queens’. 


The Report, which consists of 228 octavo pages, 

illustrated with 20 line and 21 half-tone figures, 

vearsan consintens quelty seivactories and bound in cloth with stiff board covers, costs 

are available in standard brick sizes in a 

wide range of materials. Special shapes of 
all types also made to order 


£3 38 (postage ts), and may be obtained from 


Send for full technical information and 


prices _ The Secretary 








The Iron and Steel Institute 
FIRECLAY, HIGH ALUMINA, SILLIMANITE AND SILICON CARBIDE 


BRICKS AND SPECIAL SHAPES. INSULATING BRICKS AND CON- | 4 Grosvenor Gardens 
CRETE. PLASTIC JOINTING AND PROTECTIVE CEMENTS 


REFRACTORY CONCRETE AND RAMMING COMPOUNDS | l ondon S W 1 


E. J. & J. PEARSON LIMITED 


FIREBRICK WORKS, STOURBRIDGE 


Telephone: Brierley Hill 77201 
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THE COPPEE COMPANY (GR 
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COPPEE HOUSE - 140 PICCADILLY GLASGOW: 121 DOUGLAS STREET. C2 
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By arrangement with the Department of Scientific 
and Industrial Research, The Iron and Steel Institute 
STAL in English is now publishing monthly a complete English- 

language version of STAL (Stee/), the major Russian 
periodical in the field of iron and steelmaking tech- 
nology. The developments reported in Sta/ in English 
are of the greatest interest to everyone connected with 
iron and steelmaking. 

The rates of subscription are as follows: 
Annual subscription (12 issues) £20 0 0 
Special subscription to Members of 

The Iron and Steel Institute £1500 

Postage is extra, at a rate of Is per copy. Single 
copies may be obtained at £200 each (Members 
£1 10 0). 

Orders should be sent to 


The Secretary 
THE IRON AND STEEL INSTITUTE 
4 Grosvenor Gardens, London SWI 





The Determination of Nitrogen 
in Steel 


Great interest has always been shown in the role of nitrogen in determining 


the properties of ferrous alloys. Reliable and accurate methods are therefore 

necessary for determining the content of this element in alloys. 

he establishment of the reproducibility and accuracy of analytical methods 

to serve as routine or reference procedures for the many alloys now produced 

is a major undertaking. It was for this reason that the Nitrogen Group of 

the Steelmaking Division of the British Iron and Steel Research Association 

was set up eight years ago. The Report of the Group has now been published 

is No. 62 in The Iron and Steel Institute’s Special Report Series. The 2 
information it contains will be of inestimable value to all those interested in I. S. 
this subject. 

Che Report, which comprises 160 quarto pages and a number of illustrations, Sp “4 | a / R ep ort 
is bound in cloth with stiff covers, and costs £1 17s. 6d. (Members £1 5s. Od.). 


It mav be obtained from: No. 62 
The Secretary, 
The Iron and Steel Institute, 
4 Grosvenor Gardens, 
London, S.W.1 
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BASIC PIG IRON 


JOISTS ANGLES aaa 


TUBE STEEL 


CHANNELS TEES souane 


SASH AND GLAZING 
SECTIONS 


HAMMER-LOCK 
STRUTS 


FLATS ROUNDS sian 


BY-PRODUCTS 





IRON, STEEL 
AND NON-FERROUS 


HOT & COLD a 


CONCRETE FLAGS 
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LANCASHIRE STEEL MANUFACTURING COMPANY 


LIMITED 


(HEAD OFFICE:) 
“pe WARRINGTON ieiztic, 


WORKS: IRLAM & WARRINGTON 


London Office: KINNAIRD HOUSE, PALL MALL EAST, S.W.1 * Telephone: WHITEHALL75/5 * Telegroms: LANCASTEEL, LESQUARE, LONDON 
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VACUUM ARC MELTING 


CONSUMABLE ELECTRODES 
For producing high density ingots free from refractory contamina- 
tion with the advantages of vacuum melting. 


NON-CONSUMABLE ELECTRODES 


For the high purity melting required in quality control, constitu- 





tional diagram work, etc. 


“Speedivac”’ arc melting furnaces provide every facility for high 
purity melting by both non-consumable and consumable elect- 
rode techniques. Using the latter method ingots up to 9 in. long 
and 1?fin. in diameter can be produced under high vacuum con- 
ditions. With a non-consumable electrode and using purified 
argon at 150 mm Hg pressure, specimen buttons of high purity 
may be prepared and temperatures up to 4000°C are attainable. 
This technique can also be adopted for finger type ingots cast 
in a horizontal plane. 


Larger furnaces for pilot plant work are available for the pro- 


duction of consumable electrode vacuum melted ingots up to 
6 in. in diameter. 


EDWARDS HIGH VACUUM LID., manor rovAL, CRAWLEY, SUSSEX, ENGLAND. Crawley 1500 








ACID RECOVERY OR DISPOSAL 


THE COMPLETE SOLUTION 


SULPHURIC ACID 0h high speed strip lines the new Kestner Recovery Plant 
offers maximum economy—freedom from fumes and low main- 


tenance—!ow capital cost. 


HYDROCHLORIC ACID 0n batch or continuous processes—a new process 
developed and used on the Continent—no_ by-product—good 


economy—no fumes. 


SULPHURIC ACID 0n batch processes with limited output the well proven 
Kestner-Fakler process still offers the least expensive answer. 
MIXED ACIDS Where acid recovery cannot be applied Kestner offer a complete 


range of neutralising plant employing various standard units 


May we give vou further information 


KESTNER EVAPORATOR & ENGINEERING CO. LTD. 


5 GROSVENOR GARDENS, LONDON, S.W.1 


Khestner 


THE CHEMICAL ENGINEERS 





JOURNAL OF THE IRON AND STEEL INSTITUTE 








Do you really 


think | need 


bother about 


low 
residuals ? 


oome peo} le 

in carbon steels required for certain 
high duty applications. 

Residual elements in Workington Electric 
Arc Furnace Carbon Steel are as follows 


maximum 


} ) 


iNICKE! ] Ves 

Chromium | ‘O15 
Copper )3 04 

Arseni 15 ‘02 

Tin ) ‘02 

Vanadium )2 *04 

Molybdenum 

Lead helor ( 

Cobalt 005 008 


Fur by Antimony 


Bradleys , London 
Tungsten 


Titanium 


WORKINGTON a branch of THE UNITED 


IRON AND STEEL COMPANY Workington - Cumberland 


October," 1959 





Index to Advertisers 
Atlan son-All e Co. Lt ‘1 G*s' mune, The ; , 57 Park Gate Ir 


Adamson, Joseph, an o., Lt 5 General Electr ) a. ‘ Ps 
Air Products (Gt. Britain) Ltd fi General Refrac es, Lt Pearson, 
Allen West & Co. Ltd. d Gibbons Brothers, L 4 Philips Electrical Ltd 


Armstrong Whitworth (Metal Indus 
tries) Ltd 


Arrol, Sir Wm., & Co. Ltd 


Ashmore, Benson, Pease, & Co 
Inside Back ¢ 


ectrical Industries Ltd 


Platinum Division 
eardmore ° Willan ae 
od, Joshua, & Sor 
eld Industries Ltd 
Silica 


vondag 


British Electri 

ciation 
British F 
Brith 


brit 


f Wales, 
Atkinson, 
John G. & Co. Ltd 
ens Silica Brick C« Lt 
Stewarts & Lloyds, Ltd 
Stillite Products Ltd 
Strachan & Henshaw Ltd 
Consett Iron Co. Ltd ingselifte Dns u ‘roducts, Ltd immerson, Thos, & Sor 


Constables (Matlock Q les P Superlite Building Materia 


Ltd - = — & 
t 


(Contactor Switchgear, 


( wee Co ; 5 t 
pI Gt. Britain Seats 


en Bros 


vurst & Partne 


D).M.M. Machinery 


trur 
Fraser & Chal: 


Fuller’s Eart} 


Published at the offices of The Iron and Steel Institute, 4 Grosvenor Gardens, London, 
Printed in Great Britain by Perey Lund, Humphries & Co. Ltd., London and Bradf« 


JOURNAL OF THE IRON AND STEEL INSTITUTE 











ASHMORE, BENSON, PEASE & COMPANY LIMITED 
{Pewert - Gas Group) 
meen Gm ok, Beek, Bean @ 2 2 aa bom een, Benen. 

Oe. i a ee - Os MELBOURNE -: JOHANNESBURG 


October, 1959 Inside back cover 





LAMBERTON 


steel works plant 
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42 BLOOMING MILL 


n operation at the Lancashire Steel Corporation, Irlam Works. 
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